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ABSTRACT 


This  document  contains  a  cooplete  description  of  the  UDOP 
(Ultra-High  Frequency  Doppler)  System  used  on  the  Atlantic  Missile 
Range.  All  phases  of  the  effort  involved  when  UDOP  is  called  yxp  to 
s\Q>port  a  mission  are  included  herein.  This  document  explains  the 
theory^  equipment  solutions,  and  mathematical  techniques  involved. 
This  document  is  written  to  satisfy  the  questions  of  any  technically 
minded  person  who  is  interested  in  UDOP.  If  this  document  does  not 
suffice,  further  inquiry  concerning  the  system  may  be  satisfied  by 
tlie  docunentary  lists  included. 
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INTRODUCTION 


The  UDOP  System  is  the  present  culmination  of  many  years  of 
enpineerin?  effort  spent  in  developing  a  doppler  measurement  system. 
The  most  recent  massive  effort  to  upgrade  the  technique  of  doppler 
measurement  occurred  in  the  Spring  of  1961.  At  that  time.  Pan 
American  World  Airways,  in  response  to  the  request  of  the  Air  Force 
Range  Development  Office,  AFMTC,  undertook  to  upgrade  the  limited 
PERSHING  UDOP  System  to  encompass  the  more  stringent  requirements 
placed  on  the  Atlantic  f-lissile  Range  by  the  MINUTEHaN  Missile  Pro¬ 
gram,  Pan  American  Program  Management,  Engineering,  Facilities  and 
Operations  were  oriented  to  the  new  system.  A  three-pronged  engine¬ 
ering  attack  was  started,  and  has  recently  been  completed. 

This  document  co'^ tains  the  history,  theory  and  application 
of  the  earlier  doppler  measurement  systems,  including  the  most 
recent  effort  to  upgrade  the  system.  This  document  also  contains 
descriptions  of  all  the  equipment  used  in  the  UDOP  System..  Where 
necessary,  block  diagrams  and  photographs  are  included,  A  section 
is  also  included  on  the  UDOP  Real-Time  MINUTEMAN  support  function. 
Specifications  and  characteristics  of  some  equipment  are  listed  in 
the  appropriate  sections.  As  a  p,uide  for  further  investigation,  a 
list  of  UDOP  schematics  and  a  listing  of  UDOP  documentation  is  part 
of  this  document. 

The  last  section  of  this  document  contains  a  photographic 
aopendix  so  that  the  reader  may  acquaint  himself  with  the  physical 
characteristics  of  UDOP  equipment. 


1 


THE  DOPPUR  EFFECT  AND  A  SHORT  HIST(»Y  OF  AMR  DOPPLER  IRACKING  SYSTEMS 


The  Doppler  effect  is  a  commonly  observed  f^enomenon  in  sound 
where  there  is  a  rapid  relative  motion  between  the  source  of  the 
sound  and  the  person  hearing  the  sound.  The  effect  Is  a  change  In 
the  frequency  of  the  sound  as  heard  by  the  listener.  For  example^ 
a  person  standing  beside  a  highway  will  hear  a  horn  blowing  on  a 
rapidly  approaching  car  at  a  higher  pitch  than  he  would  If  the  car 
were  standing  still.  At  this  time  he  will  not  be  conscious  of  the 
Doppler  effect  for  he  has  no  way  of  Judging  the  normal  sound.  But 
the  moment  the  car  passes  and  Is  receding^  he  will  notice  a  sharp 
drop  in  the  pitch  of  the  sound.  While  the  Doppler  effect  continues^ 
the  only  time  the  listener  detects  It  Is  the  moment  that  the  car 
passes  because  that  Is  the  only  time  he  has  a  basis  for  comparison. 
The  same  effect  would  be  observed  If  the  listener  were  In  a  rapidly 
moving  vehicle  and  the  source  of  the  ^ound  was  stationary. 

The  explanation  for  this  phenomenon  Is  as  follows.  .Assume 
that  sound  Is  emitted  from  a  source  as  a  sinusoidal  wave  of  fre¬ 
quency^  f,  traveling  through  the  air  at  a  certain  velocity,  V, 
Referring  to  Figure  1-1,  assume  that  the  source  of  the  sound  Is  at 
S,  and  that  the  sound  will  travel  to  A  In  one  second.  The  distance, 
d,  between  S  and  A  will  then  be  filled  with  f  cycles  of  sound  waves. 
The  length  of  one  sound  wave,  or  the  wavelength .  A,  will  then  be 

A  »  d  -  V 
f  f 

If  the  source  Is  stationary  at  S,  a  person  standing  at  A  will 
hear  f  cycles  per  second  beginning  one  second  after  sound  starts  from 


A  B  S 
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FIGURE  1-1. 


THE  DOPPLER  EFFECT 
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Now  consider  S  as  moving  toward  A  with  the  velocity  v.  In  one 
second  S  will  have  moved  to  6  and  will  have  emitted  f  cycles  of  sounds 
the  first  of  which  has  arrived  at  A.  But  B  is  closer  to  A  and  the  f 
cycles  are  now  crowded  into  the  space  BA  resulting  in  a  shorter  wave¬ 
length.  Since  the  sound  wave  is  traveling  at  the  same  velocity  V, 
the  sound  emitted  when  the  source  is  at  B  will  arrive  at  A  in  less 
than  one  second  with  the  result  that  the  listener  at  A  will  receive 
the  sound  at  a  rate  of  more  than  f  cycles  per  second.  If  X'  is  the 
shortened  wavelength,  the  altered  frequency  f*  will  be 

f*  =  V  d*  =  distance  between  A  and  B 

A* 


The  wavelength.  A*,  will  be 

X*  =  ^  =  V  -  V 

f  f 

Substituting  this  value  of  A* 

f*  =  f  V 

V  -  V 

This  is  the  formula  for  computing  the  frequency  of  the  sound  heard 
when  the  source  is  moving  toward  the  observer  with  the  velocity  v. 

When  the  source  is  moving  away  from  the  observer,  it  can  be  shown 
by  similar  reasoning  that 

f*  =  f  V 

V  +  V 

In  this  case  the  frequency  is  lowered  and  the  wavelength  is  lengthened. 
These  two  formulas  may  be  stated  as  the  general  formula 

f*  =  f  V 

V  +  v 

The  frequency  is  also  apparently  changed  in  the  case  where  the  source 
of  sound  is  stationary  and  the  observer  is  in  motion.  If  the  observer 
is  moving  toward  the  source  with  a  velocity  v,  the  frequency  is  raised. 
The  formula  for  computing  the  apparent  frequency  for  this  condition  is 

f»  =  f  V  ^  V 

V 
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When  the  observer  is  moving  away  from  the  source,  the  frequency  is 
lowered  and  the  formula  for  the  observed  frequency  is 

f«  -  f  V  -  V 

V 

combined,  these  result  In  the  general  formula 
£*«fV+v  «f(l+  y) 


Radio  frequency  waves  are  similar  in  many  respects  to  sound 
waves.  However,  there  are  certain  basic  differences  in  addition 
to  the  differences  in  frequency.  Soimd  waves  are  transmitted 
through  the  medium  by  actual  displacement  of  the  particles  of  the 
medium.  So\md,  therefore,  cannot  be  transmitted  through  a  vacuum. 
The  velocity  of  sound  in  a  medium  depends  on  both  the  density  and 
elasticity  of  the  medium.  Sound  waves  have  a  velocity  in  air  of 
approximately  1100  feet  per  second  at  sea  level.  Radio  waves  are 
both  electromagnetic  and  electrostatic  and  are  propagated  through 
space  as  waves  of  energy  rather  than  as  waves  of  particles.  For 
this  reason,  they  are  similar  to  light  waves  and  travel  at  the 
speed  of  light.  Both  radio  waves  and  light  waves  may  be  propagated 
through  a  vacuum.  As  a  matter  of  fact,  the  velocity  of  radio 
waves,  and  of  light  waves,  is  greater  in  a  vacuum  than  in  air.  The 
density  of  the  medium  affects  the  velocity  of  propagation  inversely 
which  produces  a  bending  or  refraction  of  radio  or  light  waves  as 
they  obliquely  pass  through  a  medium  of  changing  density.  This 
effect  must  be  determined  and  corrected  if  accurate  data  are  to  be 
obtained  using  either  radio  frequency  or  light  waves. 

Radio  frequency  waves  are  affected  by  the  Doppler  effect  in 
much  the  same  way  as  sound  waves.  In  general,  the  equations  for 
sound  may  also  be  used  for  radio  frequencies  at  low  relative 
velocities  between  the  transmitter  and  the  receiver.  The  radio 
receiver  in  an  automobile  traveling  toward  a  radio  station  will 
receive  the  carrier  frequency  of  the  station  at  a  slightly  higher 
frequency  than  the  station  is  broadcasting.  However,  the  velocity 
at  -7hlch  radio  waves  travel  (approximately  186,000  miles  per  second) 
is  so  great  in  comparison  to  the  velocity  of  the  car  (88  feet  per 
second  at  60  miles  per  hour)  that  the  change  in  frequency  is  so 
small  that  it  is  not  discernible.  For  example,  assuming  that  a 
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radio  wave  is  traveling  at  186^000  miles  per  second^  the  wavelength 
of  a  1.86  megacycle  sigi\al  would  be  528  feet.  In  this  case,  at  60 
miles  per  hour,  a  car  would  require  six  seconds  to  travel  one  wave¬ 
length.  If  the  frequency  Is  raised  to  18.6  mc^  the  time  would  be 
0.6  seconds,  and  at  186  me,  the  time  would  be  only  0.06  seconds,  or 
about  16.6  cycles  in  one  second.  Different  car  velocities  would 
produce  a  different  number  of  Doppler  cycles  per  second.  If  the 
wavelength  of  the  radio  signal  is  known  and  a  means  is  devised  to 
determine  the  number  of  cycles  in  the  Doppler  shift,  the  resulting 
information  may  be  used  to  determine  the  speed  of  the  car. 

If  a  beam  of  electromagnetic  waves  of  radio  frequency  is 
directed  toward  an  object,  it  will  be  partially  reflected  back 
and  may  be  received  by  a  receiver  near  the  transmitter.  If  the 
object  reflecting  the  wave,  the  transmitter  and  the  receiver  are 
all  stationary,  with  respect  to  one  another,  the  wave  will  be 
received  at  the  same  frequency  that  it  is  transmitted.  However, 
if  the  object  is  moving  In  such  a  manner  as  to  change  the  distance 
the  beam  travels,  the  Doppler  effect  described  previously  will  be 
present.  Then  if  the  Doppler  effect  can  be  evaluated,  the  radial 
velocity  of  the  object  with  respect  to  the  transmitter  and  the 
receiver  can  be  determined. 

One  way  of  detecting  any  Doppler  change  in  a  received  signal 
is  to  heterodyne  or  ’’beat"  the  received  signal  with  a  signal  of 
the  same  frequency  as  the  original  transmitted  frequency.  This  is 
done  by  feeding  both  signals  into  an  electronic  mixing  circuit  and 
tuning  the  output  circuit  to  the  difference  frequency.  When  there 
is  no  relative  motion  between  the  object  reflecting  the  signal  and 
the  transmitter  and  the  receiver,  the  "beat  frequency"  or  Doppler 
frequency  will  be  zero.  But  if  there  is  relative  motion,  there 
will  be  a  Doppler  frequency  which  will  be  a  function  of  the  velo¬ 
city  of  the  motion  producing  the  Doppler  frequency.  This  is  the 
principle  employed  in  police  radar  sets  used  to  determine  the 
speed  of  cars.  The  Doppler  frequency  i^  detected  in  a  circuit 
that  is  calibrated  to  show  miles  per  hour  rather  th^’jn  cycles  per 
second. 

The  Doppler  effect  may  also  be  used  to  determine  the  distance 
and  the  location  of  an  object  in  space.  If  an  initial  location  of 
the  object  with  respect  to  the  transmitter  and  the  receiver  is  known 
at  the  time  t^,  the  number  of  Doppler  cycles  from  Lq  to  a  later  time 
t]^  multiplied  by  the  wavelength  of  the  transmitted  frequency  will 
give  the  change  in  the  total  distance  that  the  travels  between 
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t  and  t  .  Since  the  total  distance  is  from  the  transmitter  to  the 
oDject  and  back  to  the  receiver,  adding  the  change  In  distance  to 
the  sum  of  the  starting  distances  will  give  the  sian  of  the  distances 
from  the  transmitter  and  from  the  receiver  to  the  object  at  t|^.  It 
will  not  give  the  location  for  there  Is  no  means  of  determining  the 
direction.  If  the  transmitter  and  the  receiver  are  at  the  same 
location  and  the  object  remains  on  the  ground,  Its  location  may  be 
anywhere  on  a  circle  centered  at  the  transmitter  and  receiver. 

If  the  object  is  not  confined  to  the  ground  plane.  Its  loca¬ 
tion  may  be  anywhere  on  a  sphere.  However,  the  lover  hemlsfAiere 
may  generally  be  disregarded  since  It  would  be  below  the  surface 
of  the  ground.  If  the  transmitter  and  receiver  are  at  different 
locations,  the  locus  of  position  In  the  ground  plane  will  be  an 
ellipse  with  the  transmitter  and  receiver  at  the  focus  points. 

If  the  locus  of  position  Is  not  confined  to  the  ground  plane.  It 
may  be  anywhere  on  an  ellipsoid. 

Since  direction  cannot  be  determined  by  this  system,  at  least 
three  Doppler  distances  from  known  polnti>  are  required  to  determine 
the  point  location  of  an  object  In  space.  This  requires  a  minimum 
of  three  receivers  and  one  transmitter.  The  locus  of  points  deter¬ 
mined  by  two  Doppler  distances  will  be  along  the  Intersection  of 
the  two  figures  of  revolution,  which  will  be  a  circle,  or  half 
circle  since  the  lower  half  will  generally  be  underground  and  may 
be  disregarded.  Three  Doppler  distances,  however,  will  Intersect 
In  a  single  point  above  the  surface  of  the  ground  and  if  the  geo¬ 
metry  of  the  locations  of  the  transmitter  and  receivers  with  respect 
to  the  location  of  the  Intersection  point  Is  good,  accurate  deter¬ 
mination  of  Its  locations  can  be  made. 


During  World  War  II  the  Doppler  effect  was  used  In  several 
Instrumentation  systems  for  obtaining  trajector>  information  on 
projectiles  fired  from  guns  of  many  different  calibers.  Reflection 
Doppler,  however,  has  a  limited  range  and  other  methods  had  to  be 
devised  for  ranges  of  over  50  miles. 
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In  1945  the  Beacon  Doppler  Syateaa  vaa  conaldered  for  uae  in 
obtaining  ballistic  data.  Instead  of  depending  upon  energy 
reflected  from  the  missile  body^  a  signal  of  many  times  greater 
amplitude  is  radiated  by  a  beacon  in  the  missile^  thus  greatly 
extending  the  range  of  the  system.  The  Beacon  Doppler  System  in 
the  most  general  form  Involves  transmitting  a  radio  fre<{uency  wve 
from  the  ground  to  the  missile;  receiving  and  amplifying  this  sig¬ 
nal  in  the  missile;  and  retransmitting  back  to  the  ground  receivers 
a  second  signal  which  bears  a  constant  phase  relationship  to  the 
original  signal.  This  is  the  system  which  was  developed  into  DOVAP 
(Doppler  Velocity  and  Position)  and  later  into  UDOP. 

Basically^  the  DOVAP  System  provides  for  transmitting  a 
stabilized^  continuous  wave  radio  frequency  signal  from  a  fixed 
ground  station  to  the  missile;  amplifying  and  doubling  the  fre¬ 
quency  of  the  signal  received  by  the  missile  in  the  missile  trans¬ 
ponder;  and  retransmitting  this  doubled  frequency  from  the  missile 
to  three  or  more  fixed  ground  receivers.  A  second  receiver  at 
each  ground  receiving  station  receives  the  transmitter  signal 
directly  and  doubles  it  by  the  same  method  used  in  the  transponder. 
The  Doppler  frequency  is  obtained  by  mixing  the  radio  frequency 
outputs  from  the  two  receivers  in  a  demodulator  which  detects  ^e 
difference  frequency.  This  system  ensures  fixed  phase  relationship 
(coherence)  between  the  original  transmitter  frequency^  the  missile 
signal  frequency  and  the  reference  or  comparison  frequency  and 
eliminates  the  technical  difficulties  encountered  in  atteapting  to 
transmit  and  receive  on  the  same  frequency.  The  resulting  Doppler 
signals  are  transmitted  to  a  common  location  for  the  purpose  of 
making  permanent  and  continuous  records  along  with  timing  signals 
by  some  recording  device .  The  number  of  Doppler  cycles  occurring 
during  a  desired  unit  of  time  can  then  be  determined  from  these 
records. 

Selection  of  the  operating  frequencies  of  a  Doppler  instru¬ 
mentation  system  requires  making  compromises  between  several  fac¬ 
tors.  Because  the  frequency  is  doubled  in  the  missile  receiver 
and  the  received  frequency  at  the  ground  receivers  is  heterodyned 
with  twice  the  transmitter  frequency,  each  Doppler  cycle  represents 
a  change  in  total  distance,  or  range  sum,  from  the  transmitter  to 
the  missile  and  back  to  the  ground  receiver  of  one  half  of  the 
wavelength  of  the  transmitter  frequency,  or  one  wavelength  of  the 
reference  frequency.  The  total  change  in  the  range  sum  from  the 
transmitter  to  the  missile  to  the  receiver  for  a  given  Interval  of 
time  is  determined  from  the  number  of  Doppler  cycles  counted  during 
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that  interval.  If  the  spatial  coordinates  of  the  missile  position 
are  known  at  a  sp  .v:ific  time  they  may  be  computed  for  a  later  time 
from  the  changes  in  range  determined  from  the  Doppler  cycles  recor¬ 
ded  by  three  or  more  receivers  by  solving  a  group  of  equations 
representing  the  intersection  of  three  or  more  ellipsoids.  The 
accuracy  of  this  determination  depends  in  part  on  the  accuracy  of 
determining  the  changes  in  range  sums  during  the  given  time  inter¬ 
val^  that  is,  the  number  of  Doppler  cycles  of  a  given  wavelength. 
Since  each  Doppler  cycle  represents  a  change  in  the  total  distance 
equal  to  one  wavelength  of  the  reference  frequency,  this  wavelength 
becomes  the  increment  by  which  the  change  in  distance  is  measured. 

The  shorter  this  wavelength  becomes,  the  greater  will  be  the  number 
of  increments  during  a  given  interval  of  time,  or  of  unit  distance. 

As  the  number  of  cycles  per  unit  distance  is  increased,  the  accuracy 
to  which  the  total  distance  may  be  determined  is  increased  in  almost 
direct  proportion.  In  general,  then,  and  within  reasonable  limits, 
it  may  be  said  that  the  accuracy  of  the  system  increases  as  the  wave¬ 
length  of  the  reference  frequency  is  decreased. 

On  the  other  hand,  the  transmission  and  recording  of  the 
Doppler  cycles  become  more  difficult  when  the  Doppler  frequency 
becomes  high.  Counting  or  digitizing  the  Doppler  cycles  also 
becomes  more  difficult  at  high  Doppler  frequencies.  For  a  given 
reference  frequency,  the  Doppler  frequency  which  must  be  recorded 
is  directly  related  to  the  velocity  of  the  missile  and  the  geometry 
of  the  ground  receiving  stations  with  respect  to  the  missile  posi¬ 
tion.  The  relationship,  however,  is  somewhat  complex  since  the 
Doppler  cycles  measure  the  total  change  in  path  length  from  the 
ground  transmitter  to  the  missile  and  back  to  the  ground  receiver. 

A  simple  relation  exists  only  when  the  missile  moves  along  a  straight 
line  passing  through  the  transmitter  and  a  receiver.  Then 


where  F.  is  the  Doppler  frequency,  is  the  missile  velocity,  and 
X.  is  the  Doppler  wavelength,  which  is  defined  as  the  wavelength  of 
the  reference  frequency. 

This  is  the  maximum  frequency  which  can  occur  for  a  given 
missile  velocity.  Geometry  of  the  station  locations  will  normally 
cause  the  actual  Doppler  frequency  to  lower.  At  certain  points  on 
the  trajectory  the  Doppler  frequency  may  be  very  low  or  zero  even 
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though  the  missile  velocity  is  high  because  the  direction  of 
motion  is  such  as  to  cause  little  or  no  change  in  the  total 
transmission  path  length. 

The  original  DOVAP  transmitter  frequency  of  38.5  me  was 
chosen  because  of  the  electrical  characteristics  of  the  antennas 
already  installed  in  the  A4  rockets  which  were  to  be  tracked  and 
because  of  the  certain  types  of  equipment  which  were  available. 
The  missile “borne  transmitter  operated  at  approximately  77  me 
at  which  the  Doppler  wavelength  was  approximately  12.76  feet. 

The  maximum  expected  velocity  of  the  missiles  tracked  by 
the  original  DOVAP  was  approximately  5^000  feet  per  second 
resulting  in  a  maximum  Doppler  frequency  of  about  400  cycles 
per  second.  The  range  of  frequencies  to  be  recorded  was  thus 
between  zero  and  400  cps  which  was  approaching  the  maximum  fre¬ 
quency  that  could  be  recorded  by  the  equipment  that  was  available 
at  that  time.  In  the  original  DOVAP  System  the  Doppler  fre¬ 
quencies  were  transmitted  from  the  outlying  receiver  stations  to 
a  master  station  where  they  were  displayed  on  cathode  ray  tubes 
which  were  mounted  side  by  side  in  a  rack  so  that  they  could  be 
simultaneously  and  continuously  photographed  by  a  35  mm  camera. 
Each  Doppler  frequency  was  applied  to  the  horizontal  deflection 
plates  of  a  separate  four-inch  cathode  ray  tube.  No  vertical 
sweep  was  used  therefore  the  Doppler  cycles  produced  a  horizontal 
line  across  the  screen.  The  35  mm  camera  was  mounted  so  that  the 
film  motion,  which  was  continuous  and  uniform,  was  transverse  to 
the  horizontal  line  produced  by  the  Doppler  frequency.  The  film 
motion,  in  effect,  supplied  the  vertical  sweep  resulting  in  a 
sine  wave  record  of  the  Doppler  frequency.  Timing  lamps  mounted 
between  the  cathode  ray  tubes  were  flashed  by  timing  signals  to 
expose  the  necessary  time  base  on  the  film.  The  Doppler  cycles 
were  also  recorded  by  magnetic  wire  recorders  so  that  they  could 
be  audibly  monitored  for  background  noise.  In  the  event  of 
failure  of  the  photographic  process,  these  wire  recordings  could 
be  displayed  on  a  cathode  ray  tube  oscilloscope  for  making  a  new 
film  record.  Counting  the  Doppler  cycles  was  largely  done  by 
visual  means.  The  first  successful  DOVAP-supported  missile 
launch  occurred  in  1953. 

As  missile  velocities  and  ranges  increased  and  higher 
accuracies  were  required,  DOVAP  became  inadequate  for  the  purpose 
of  missile  tracking.  The  long  wavelength  of  12.76  feet  coupled 
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with  the  fact  that  a  missile  could  be  traveling  at  a  high  velocity 
along  a  course  that  would  produce  a  very  low  Doppler  frequency 
resulted  in  a  condition  %ihere  each  Doppler  cycle  could  represent 
a  missile  movement  of  several  hundred  or  several  thousand  feet. 

The  loss  of  even  one  Doppler  cycle  could  then  produce  a  very  large 
error  in  the  trajectory  measurement. 

One  attempt  to  reduce  the  errors  in  the  DOVAP  System  for 
longer  range  missiles  was  a  combination  of  an  up  range  and  a  down 
range  system  into  a  single  extra  long  baseline  system  called 
XTRADOP.  Phase  coherence  between  the  two  systems  was  attempted 
by  using  the  subcable  carrier  frequency  as  the  basic  frequency 
from  which  both  the  interrogation  and  reference  frequencies  wer^ 
derived.  With  this  system^  both  transmitters  would  operate 
simultaneously  to  transmit  phase  coherent  reference  frequencies 
to  their  respective  receivers  while  one  transmitter  would  pro¬ 
vide  the  interrogation  signal.  However,  this  system  was  not 
successful  due,  in  part,  to  crosstalk  in  the  subcable  which  could 
not  be  eliminated.  In  the  meantime,  another  system  wes  develop€id 
which  was  proving  to  be  successful  and  XTRADOP  was  dropped. 

Another  way  to  reduce  errors  would  be  to  decrease  the 
Doppler  wavelength.  However,  decreasing  the  Doppler  wavelength 
increases  the  Doppler  frequency  which  must  be  recorded.  The 
development  of  high  speed  multi-channel  magnetic  tape  recorders 
made  it  possible  to  record  Doppler  frequencies  many  times  higher 
than  could  be  recorded  by  photographic  means.  The  DOVAP  System 
had  been  improved  through  the  years  and  magnetic  tape  has  been 
used  as  the  recording  medium  since  abort  1956.  About  1958,  the 
DOVAP  System  was  revamped  to  operate  on  a  frequency  more  than 
ten  times  the  original  frequency.  The  transmitter  frequency  was 
first  changed  to  448.2  me  resulting  in  a  reference  frequency  of 
895.4  me.  This  was  later  changed  to  450  me  resulting  in  a 
reference  frequency  of  900  me  and  a  Doppler  wavelength  of  1.0928 
feet  per  Doppler  cycle.  The  new  system  was  given  the  name  UDOP  - 
Ultra  High  Frequency  DOPpler.  This  system  is  constantly  being 
refined  and  is  the  system  currently  in  use. 
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THE  UDOP  SYSTEM 


The  excellent  quality  of  the  data  produced  by  the  DOVAP  Sta* 
tions  in  the  GBI  area  while  supporting  the  Redstone^  Jupiter^  and 
Thor  Programs^  made  this  type  of  CW  rate  system  a  natural  choice 
for  evaltiating  the  guidance  package  performance  of  the  PERSHING 
weapons  system.  To  increase  the  precision  of  the  proposed  velocity 
measurements,  the  operating  frequency  of  the  DOVAP  System  (then  73 
me)  was  changed  to  900  me.  This  was  the  birth  of  the  U.H.F.  Doppler 
System  known  as  UDOP. 

To  adequately  cover  the  PERSHING  flight  trajectory,  three  UDOP 
complexes  were  planned.  The  first,  to  be  operated  by  '^KA  (Army 
Ballistic  Missile  Agency)  personnel  would  be  located  near  the  launch 
area  at  Cape  Kennedy.  The  second  complex,  to  be  installed  and  ope* 
rated  by  AMR  personnel  would  occupy  the  old  DOVAP  sites  at  Walker 
Cay,  and  Carter  Cay  and  would  include  two  new  sites,  one  at  Big 
Carter  Cay  and  the  other  at  Great  Sale  Cay.  The  third  complex,  also 
AMR  operated,  would  be  in  the  Marsh  Harbor,  Dundestovn,  Mangrove 
Swamp  area  of  Great  Abaco.  New  receiving,  transmitting,  and  com¬ 
munications  equipment  was  ordered  for  the  second  and  third  complexes 
and  facilities  construction  started  at  the  upper  Cay  sites.  Due  to 
land  acquisition  problems  the  Abaco  Sites  were  deleted  and  all 
equipment  scheduled  for  that  area  was  diverted  to  the  upper  Cays 
complex  thus  giving  ^.ach  UDOP  site  a  10?  per  ce  it  equipment  redun¬ 
dancy.  The  first  PERSHING  missile  supported  by  the  UDOP  System  was 
launched  on  25  February  1960.  All  equipment  operated  satisfactorily 
and  the  test  was  termed  a  success.  The  Down  Range  UDOP  System 
supported  13  tests  between  30  June  1960  and  15  March  1961  with  no 
loss  of  data  encovintered  due  to  system  or  equipment  failures  or 
inadequacies.  These  13  tests  utilized  the  full  UDOP  capability, 
including  both  passive  and  active  tracking. 

Systematic  and  random  errors  based  on  the  results  of  the  analysis 
of  these  tests  are  as  follows: 

DOWN  RANGE  UDOP 

Systematic  .224  meters 

Random  .022  meters 
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UP  RANGE  UDOP 


Systematic  .218  meters 

Random  .022  meters 

The  UDOP  System  used  for  supporting  the  PERSHING  Program  con¬ 
sisted  of  a  450  megacycle  transmitter^  a  50  megacycle  reference 
transmitter,  900  megacycle  receivers  and  50  megacycle  VHF  receivers. 
All  the  doppler  gathered  at  each  Cay  was  sent  via  data  link  to 
Little  Carter  Cay,  which  at  that  time  was  the  UDOP  Central  Record 
Station.  The  doppler  data  was  recorded  on  CEC  Magnetic  Tape 
Recorders.  See  Figure  3-1. 

One  of  the  problems  inherent  in  the  PERSHING  UDOP  System  was 
that  the  doppler  frequency  would  pass  through  0  cps  for  some 
trajectories.  No  offset  bias  system  was  used  on  this  program. 

Much  of  the  equipment  used  to  support  PERSHING  is  still  in 
use  to  support  MINUTEMAN.  Because  of  its  excellent  performance 
record,  the  Down  Range  PERSHING  UDOP  System  was  formally  accepted 
as  an  operational  range  system  on  15  May  1961. 

Shortly  afterwards,  it  was  decided  that  the  UDOP  System  would 
be  ideal  for  meeting  the  data  commitments  for  MIN'TTEMAN.  Since 
the  MINUTI21AN  was  a  solid  fueled  missile,  the  flame  imposed  severe 
limitations  on  any  precision  tracking  system  which  would  see  the 
missile  from  the  rear.  The  NASA  Up  Range  UDOP  System,  in  conjunc¬ 
tion  with  the  range  operated  down  range  system,  could  alleviate 
this  problem  by  looking  at  the  front  or  side  of  the  missile. 

In  June  1961,  modifications  were  begun  to  the  down  range 
system  to  expand  its  capabilities  to  handle  the  MINUTEMAN  Program 
while  maintaining  its  PERSHING  capability.  On  26  February  1962, 
the  first  MINUTEMAN  launch  to  be  supported  by  UDOP  took  place.  To 
achieve  the  proper  configuration  for  MINUTEMAli  support,  two  new 
receiver  stations  were  added  to  Allans  Cay  and  Bassett  Cove,  GBI. 
Later  the  Great  Sale  si^e  was  relocated  to  West  End,  GBI.  This 
stati^’^  configuration  provided  good  GDOPS  for  the  period  of  crack 
required  by  the  MINliTEMAN  trajectory.  In  addition  to  this,  four 
narrow-band  phase lock  receivers  were  placed  at  Walker  Cay,  Bassett 
Cove,  Allans  Cay,  and  Little  Carter.  These  allowed  better  signal 
acquisition  and  tracking  since  they  were  much  more  sensitive  than 


one 

channel 


FIG.  3-2  REAL  TIME 


Lhe  standard  receivers.  Presently,  the  West  Knd  site  has  the 
phase  lock  receiver  Iroin  fiartcr,  and  Carter  operates  with  two 
standard  receivers.  Several  other  improvements  were  undertaken 
Incliidin>’.  a  stccrahlc  transmitting  antenna,  new  helical  receiving 
anleiinas  an<l  a  ik:w  Data  Handling  System  at  Bassett  Cove  for  real 
time  support.  Ilie  (irst  MTNIITCMAN  flight  to  utilize  this  real 
tluKj  lapahility  took  place  on  27  vJune  1963. 

lor  a  comprclicnsive  view  of  the  HDOP  real  time  flow,  see 
ri>;tjre  3-2.  llic  dopplcr  frequencies  are  derived  from  the  UDOP 
receivers  at  all  sites.  There  arc  10  receivers  in  the  UDOP 
System.  Might  of  these  arc  located  in  the  Cays  and  at  West  End, 
CIU .  Tlicsc  outlying  sites  require  a  data  link  system  to  trans¬ 
mit  the  UDOP  data  from  the  receiver  to  the  cent»"al  record  station 
at  r.assett  Cove,  CHI,  Because  of  atmospheric  noise  inherent  in 
VIIP  data  links,  tracking  filters  are  used  to  clean  up  the  doppler 
signal  l>clorc  it  is  passed  into  the  UDOP  digitizer. 


Ilic  data  format  of  tlic  six  available  digitizer  words  in  real 
time  arc  as  follows; 


Word  1 
Word  2 
Word  3 
Wt»rd  4 
Word  5 
Word  6 


Carter  (-ay  Kcceiver  System  C 
Allans  (‘ay  Receiver  System  L” 
Bassett  Cove  Receiver  System  0 
Walker  Cay  Receiver  System  J 
Bassett  ( ovc  Receiver  System  P 
West  End  Receiver  System  H 


file  digitizer  format  for  real  time  use  was  selected  for  the 
II’  ri>utine  hy  a  combination  optimum  geometry  and  UDOP  receiver 
perlormance.  It  will  be  noteil  from  the  format  that  all  the  phase- 
loi  ked  receivers  are  used  In  the  real  time  solution.  Tills 

was  because  t>l  l>ctter  performance  during  the  critical  flame  period 
and  bciausc  the  pliase locked  receivers  can  indicate  wiiether  they 
are  tracking  or  not  by  relay  ilosurc. 


Ilie  real  time  program  requires  that  some  sort  of  validity 
check  be  Included  in  tlie  data  train,  so  that  the  computer  will 
not  operate  on  bad  data.  It  is  possible  for  the  IWP  receivers 
lo  be  lv>cked  onto  the  wrong  floppier  signal,  wliich  is  disastrous 
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to  the  Impact  prediction  routine.  For  this  reason,  the  relay 
closure  of  each  phaselocked  receiver  is  combined  with  the  relay 
closure  of  each  associated  tracking  filter,  so  that  a  "flag"  is 
inserted  in  the  data  train  only  when  both  units  are  locked  to 
the  doppler  signal.  These  validity  checks  are  called  the  on- 
track  bits. 

Ihiose  stations  suffixed  with  an  (*)  are  phaselocked 
receiver  systems.  It  will  be  noted  here  that  the  Bassett 
Cove  System  P,  the  phaselocked  receiver  in  the  same  building 
as  the  digitizer,  does  not  go  through  a  tracking  filter. 

The  standard  UDOP  receiver  located  at  Bassett  Cove  does  go 
through  the  tracking  filter  because  of  its  lower  signal  to 
noise  ratio,  and  generally  poorer  performance. 

The  digitizer  converts  all  six  input  doppler  signals  to 
digital  mode,  inserts  a  range  time  and  other  data  (see  section 
on  digitizer)  and  drives  the  AN/GSC-4  data  transmitter.  The 
data  is  sent  via  four  miles  of  19  guage  twisted  pair  from 
Bassett  Cove,  GBI,  to  the  CBI  subcable  terminal,  where  it  is 
placed  on  the  sub^rine  cable  for  transmission  to  the  Cape 
Impact  Predictor  Facility.  The  AN/GSC-4  data  receiver,  which 
is  located  in  the  Impact  Predictor  Facility  with  the  format 
converter,  converts  the  serial  data  output  of  the  AN/GSC-4 
to  parallel  digital  information  and  feeds  the  IBM  7094  Computer 
at  the  proper  rate  and  time. 

The  Impact  Predictor  Facility  uses  the  UDOP  data  to  com¬ 
pute  a  predicted  impact  location  in  the  event  the  missile 
terminates  thrust  any  time  during  powered  flight.  The  output 
of  the  UDOP  computer  routine  is  fed  to  the  alternate  IP 
plotting  boards  as  a  back-up  to  other  range  safety  sources. 

Hie  alternate  plotting  boards  are  located  in  the  Impact  Pre¬ 
dictor  Facility  and  at  Central  Control. 

As  noted  from  the  flow  diagram,  the  UDOP  data  is  recorded 
(raw  doppler)  in  analog  mode  before  it  is  digitized  and  also 
in  various  digital  modes.  During  real  time  oj;>eration,  the 
computer  generates  a  tape  on  which  the  UDOP  is  written,  along 
with  all  other  IP  input  data.  For  a  block  diagram  of  the 
complete  Impact  Predictor  Facility,  and  the  way  in  which  UDOP 
fits  into  it,  see  Figure  3-3. 
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FIG.  3.3 


As  noted  in  the  real  time  data  flow^  the  raw  UDOP  data  is 
recorded  on  Ampex  FR-114B  Analog  Tape  Recorders.  This  is  the 
primary  raw  data  recording.  There  are  also  recorders  on  the 
output  of  the  digitizer,  the  input  of  the  format  converter,  and 
on  the  IBM  7094  Computer  used  with  the  metric  data  of  the  UDOP 
System.  (See  Figure  3-4.) 

The  recorder  at  the  output  of  the  digitizer  records  only 
that  data  being  digitized  and  has  only  a  6-station  capability. 
This  recorder  uses  serial  digital  recording  techniques,  al¬ 
though  the  transport  is  an  analog  machine.  The  same  type  of 
recorder  is  used  at  the  input  of  the  format  converter.  The 
format  converter  recorder  can  serially  record  all  the  digital 
data  coming  from  the  AN/GSC-4  data  receiver.  This  FR-1100  at 
the  Impact  Predictor  Facility  is  the  playback  unit  for  the 
FR-1100  recorder  at  Bassett  Cove,  in  the  event  the  subcable 
is  not  available  for  use,  and  the  tapes  must  be  transported 
up  range  at  a  later  date. 

The  most  important  feature  of  the  FR-1100  at  the  Impact 
Predictor  Facility  is  that  all  the  raw  data  can  be  played  back 
through  the  subcable  immediately  after  a  mission,  copied  on 
the  FK-1100  in  three  or  four  passes,  and  then  played  into  the 
computer  in  one  continuous  run,  as  computer  time  is  available. 
It  will  be  noted  in  the  flow  diagram  that  there  is  a  data 
link  between  the  Impact  Predictor  Facility  and  the  Technical 
Laboratory  on  Patrick  Air  Force  Base.  The  format  converter 
has  an  output  which  transforms  serial  digital  data  into  Lenkurt 
FM  Tones,  compatible  with  existing  Lenkurt  Data  Receivers. 

This  Lenkurt- type  data  is  transmitted  via  equalized  phone 
lines  to  the  Technical  Laboratory  where  it  is  fed  into  a 
tape  to  tape  converter  for  conversion  into  IBM  digital  in¬ 
formation.  This  data  link  eliminates  all  physical  trans¬ 
port  of  magnetic  tapes  and  the  resulting  possible  damage 
and  eliminates  the  use  of  the  IP  machine  for  format  conver¬ 
sion. 

The  Ampex  FR-114B  is  a  14  channel  analog  recorder  with  pre¬ 
cision  speed  control.  There  are  two  of  these  recorders  at 
Bassett  Cove  for  the  recording  of  all  the  UDOP  data  irom  all 
sites.  Included  on  the  tape  with  the  doppler  information 
are  such  signals  as  timing,  servo  control  etc.  The  tape 
format  of  each  of  these  analog  recorders  is  as  follows: 
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FIG.  3.4  POST  FLIGHT  METRIC  UDOP  DATA  FLOW 
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CHANNEL 

RECORDER  #1 

RECORDER  #2 

1 

500  pps  Identifiers 

500  pps  Identifiers 

2 

5  KC 

5  KC 

3 

Walker  K 

Walker  K 

4 

10  pps 

10  pps 

5 

Bassett  0 

Bassett  0 

6 

Allans  M 

Allans  H 

7 

100  pps  17  bit 
time  code 

100  pps  17  bit 
time  code 

8 

Walker  J* 

Walker  J* 

9 

Carter  C 

Carter  D 

10 

West  End  H* 

West  End  G 

11 

Bassett  P* 

* 

Bassett  P 

12 

* 

Allans  L 

Allans  L* 

13 

500  pps  21  bit 
time  code 

500  pps  21  bit 
time  code 

14 

Servo  Control 

Servo  Control 

Those  stations  with  an  (*)  are  i^aselocked  receiver  sites. 

It  will  be  noted  here  that  the  5  KC  signal  recorded  on 
these  tapes  Is  used  for  mathematical  tape  speed  compensation 
over  and  above  the  servo  control  feature.  The  5  KC  Is  digitised 
along  with  five  doppler  signals  during  playback.  Any  deviation 
from  5  KC  results  In  mathematical  compression  or  expansion  of 
the  associated  doppler  signal  during  data  reduction. 
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No  matter  what  route  the  metric  data  takes^  throu^  DARE  or 
through  the  down  range  digitizer,  the  results  are  an  IBM  com¬ 
patible  digital  tape  suitable  for  computer  entry. 

The  following  paragraphs  cover  the  intersite  communications 
net  for  the  Down  Range  UDOP  System.  This  includes  both  voice 
and  data  transmission. 

VOICE 


In tra- coordination  between  Carter  and  the  outlying 
Cays  Is  accomplished  via  \liF  point-to-point  communications 
gear.  The  equipment  involved  is  standard  An/mc  gear, 
multichannel,  fixed  frequency  and  of  ancient  vintage.  Com¬ 
munications  between  Carter  Cay  and  Bassett  Cove,  GBI,  and 
between  West  End,  GBI,  and  Bassett  is  via  Motorola  micro- 
wave.  For  a  detailed  resume  cf  communications  ch^.nnels  and 
frequency  assignments,  see  C-602519.  (Figure  3-3) 

Status  of  any  station  is  passed  from  the  sites  to 
Bassett  Cove,  where  it  is  relayed  to  the  CW  systems 
coordinator.  During  real  time  operation  for  mission 
support,  status  information  is  also  relayed  to  the  impact 
predictor  site  at  CKMTA  via  the  CWC  net.  The  CWC  net  is 
also  used  to  coordinate  any  countdown  checks  with  the 
computer  and  for  post  flight  data  playback. 

DATA 


The  doppler  data  links  are  Gates  CS  1976  FM  trans¬ 
mitters.  These  data  links  convey  the  output  doppler 
signal  from  each  receiver  site  to  Bassett  Cove.  There 
is  a  separate  data  link  chann*  1  for  the  standard  receiver 
and  for  the  phaselocked  receiver  from  each  site.  There 
are  eight  data  link  r«»ceivers  at  Bassett  Cove  to  gather 
all  the  necessary  signals  from  the  outlying  sites.  These 
receivers  are  tunable  and  are  connected  to  directional 
antennas  mounted  on  the  tower  at  Bassett  Cove. 

In  addition  to  the  doppler  data  links  within  the 
system,  the  final  output  of  the  UDOP  System  is  fed  by 
means  of  a  data  transmission  system  from  Bassett  Cove 
to  GBI  subcable  central  over  19  AWG  pair  and  from  GBI 
central  to  CKMTA  via  the  submarine  cable  circuit  10CC89 
(Channel  6) . 
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CIRCUIT  DESCRIPTION 
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FIG.  3-5  UOOP  COr4MUNICATlONS  LAYOUT 


The  500  pps  position  identifiers  are  a  time  code  w!iich,  In 
conjunction  with  the  500  pps  21  bit  cine  code,  is  loaded  into  a 
digital  register  directly.  These  two  codes  are  used  by  the  UDOP 
digitizer  to  obtain  the  proper  time  tag  for  each  data  sample. 

Tlie  100  pps.  17  bit  time  code  is  recorded  on  these  tapes 
for  use  by  DAR^l . 

The  10  pps  time  code  is  the  code  used  by  the  digitizer  for 
synchronizing  the  data  sampling  rate  with  the  taped  range  time 
signal. 


The  servo  control  channel  contains  the  error  signal  gene¬ 
rated  by  the  recorder,  in  the  record  mode,  so  that  when  the  tape 
is  reproduced,  the  speed  of  the  tape  can  be  made  to  follow  the 
same  profile  as  when  it  was  recorded.  This  is  a  means  of  con¬ 
trolling  tape  speed  enough  so  that  mathematical  techniques  can 
resolve  the  fine  grain  tape  speed  variations.  (5  KC  reference 
source)  The  raw  doppler  tapes  are  played  back  after  a  test 
through  tracking  filters  into  the  digitizer,  then  up  the  su!  • 
cable  and  into  the  Impact  Prediction  Computer.  Copies  can  be 
made  at  the  input  to  the  format  converter  or  by  the  computer. 
Because  the  digitizer  can  only  process  six  channels  at  a  pnsj, 
the  metric  data  (raw  doppler)  is  run  through  the  digitizer  "vice. 
The  formats  for  these  two  passes  are  as  follows; 


PASS  #1 

PASS  #2 

Word 

1 

Allans  L 

Allans  M 

Word 

2 

Walker  J 

Walker  K 

Word 

3 

West  End  G 

West  End  11 

Word 

4 

Bassett  P 

Bassett  0 

Word 

5 

Carter  C 

Carter  D 

Word 

6 

5  KC  reference 

5  KC  reference 

Upon 
tapes  are 

completion  of  successful  data  playback, 
sent  to  Patrick  Air  Force  Base  for  data 

through  DARE.  DARE,  in  this  case,  provides  back-up  data  reduction 
capability  in  the  event  the  digitizer  data  is  bad  or  cannot  be  used. 
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The  HASA  UDOP  System  (see  Figure  3-6)^  is  similar  to  the 
Down  Range  UDOP  System  in  all  respects.  There  are  minor 
differences  in  operation  due  to  the  fact  that  the  NASA  System 
has  to  support  missions  from  lift-off.  The  normal  limits  of 
NASA  coverage  is  from  T-0  to  T465  seconds  during  a  MINUTEMAN 
launch  and  longer  on  NASA  shots.  The  NASA  System  can  also  copy 
doppler  infomation  from  the  missiles  in  a  passive  mode.  The 
down  range  system  is  the  interrogation  source  in  this  passive 
mode  and  the  NASA  receivers  have  no  coherence  to  the  transmitted 
signal. 


One  of  the  differences  of  the  NASA  System  is  the  offset 
frequency  employed.  NASA  uses  a  5  KC  offset  frequency  system^ 
which  is  additive  to  the  doppler  signal.  Due  to  the  geometry 
involved^  the  doppler  signal  received  at  all  NASA  sites  is 
alleys  increasing  and  never  passes  throu^  a  null.  On  the  pad^ 
the  output  doppler  frequency  of  all  NASA  sites  if  5  KC  and  any 
doppler  signal  from  lift-off  onwards  is  greater  than  5  KC.  The 
5  KC  offset  system  utilizes  the  transmission  of  277.7  cps  plus 
the  basic  50.00  me  from  the  reference  transmitter.  Multiplied 
by  18  in  the  UDOP  receivers  and  compared  to  the  900  me  data 
signal^  it  produces  an  output  of  5  KC  and  doppler. 

A  second  difference  in  the  NASA  UDOP  System  is  the  final 
output.  At  the  present  time^  all  doppler  signals  gathered  at 
Hangar  D  (UDOP  Central)  are  recorded  on  magnetic  tape.  This 
output  tape  is  sent  to  the  Technical  Laboratory  for  reduction 
through  DARE  and  also  sent  down  range  immediately  after  a  launch 
for  post-flight  reduction  through  the  Down  Range  UDOP  Digitizer. 

NASA  has  presently  under  contract  a  digitizer  for  real¬ 
time  digitization  of  their  doppler  signals  with  the  final  output 
being  an  IBM  compatible  tape.  The  NASA  UDOP  System  uses  only  an 
Internal  communications  net  for  coordination.  No  other  communi¬ 
cations  to  AMR  is  used  other  than  Go/No-Go  indication  derived 
from  transponder  interrogation  before  lift-off.  The  format  of 


the  NASA 
and  one 

UDOP  tapes  are  as  follows:  Note  that  NASA  uses 

1  1/2"  magnetic  tape  recorders. 

two  1" 

CHANNELS 

Ampex  No.  100  I"  Tape 

Ampex  No.  400  1/2" 

Tape 

1 

Voice 

Voice 

2 

Playalinda  Beach  (PL) 

Site  C 

i 
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1. 


1 J  & 


coco^ 


NASA  SITE  IDENTIFICATION 

1.  Playalinda  Beach 

2.  Blockhouse  ' 

3.  Hanger  D  (UuOP  CENTRAL) 

4.  Site  C 

5.  Mandy 

6.  Cactus 

7.  Site  B 

8.  Merritt  Island  Airport 

9.  Cocoa-Titusville  Airport 


Dr 


OKLLtl. 


CHANNELS 

Ainpex  No.  100  T*  Tape 

Anrix  No.  400  1/r  Tape 

3 

T t tusv 1 1 le -Cocoa 

Airport  (PL) 

Site  B 

4 

Merritt  Inland 

Airport  (PL) 

Cactus 

5 

100  pps 

100  pps 

6 

500  pps  P.A. 

Direct  Offset 

7 

500  pps  P.I. 

Mandy 

8 

Receiver  Offset 

9 

Playalinda  Beach 
(STD) 

10 

Titusville-Cocoa 

Airport  (STD) 

11 

Merritt  Island 

Airport  (STD) 

12 

Hangar  D  (STD) 

13 

Blockhouse  34  (PL) 

14 

Handy  (PL) 

PL  - 

Phaselock 

STD  - 

Standard 

CHANNELS 

Anpex  No.  300  1"  Tape 

1 

500  pps  I.D. 

2 

Direct  Offset 
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CHANNELS 

3 

4 

5 

6 

7 

8 

9 

10 
11 
12 

13 

14 


Ampex  No,  300  1"  Tape 
Titusville-Cocoa  Airport  (PL) 
10  pps 

Playalinda  Beach  (PL) 

Merritt  Island  Airport  (PL) 

100  pps 
Cactus 

Playalinda  Beach  (STD) 
Titusville -Cocoa  Airport  (STD) 
Site  C 
Site  B 

500  pps  P,A, 

60  cycle 


The  500  pps  presence/absence ^  21  bit  time  code^  and  the  500 
pps  position  identifiers  are  placed  on  the  300  tape  unit 
for  the  down  range  digitizer  to  obtain  the  range  time  when 
the  associated  doppler  signals  occurred.  The  10  pps  timing 
signal  is  used  to  check  and  drive  the  down  range  digitizer 
signal  generated  by  the  tape  recorder  while  it  is  trying  to 
maintain  correct  capstan  speed.  This  error  signal  can  be 
used  to  drive  another  recorder  so  that  the  second  recorder 
can  follow  the  speed  variations  that  occurred  during  the 
recording. 


The  direct  offset  frequency  is  also  recorded  for  post  flight 
reduction  to  check  on  stability  of  the  reference  signal  and 
as  a  check  on  tape  speed  variation. 

Playback  of  NASA  data  from  GBI  after  a  test  usually  takes 
about  one  hour.  The  computer  at  the  impact  predictor  site 
copies  this  data  and  generates  an  IBM  digital  tape  for 
further  reduction. 
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The  equipment  used  by  NASA  to  supply  UDOP  date  is  very 
similar  to  that  used  in  the  dour  range  complex.  There  are  some 
minor  differences  in  complexity  and  function  due  to  the  more 
stringent  support  requirements  on  the  NASA  equipment  for  support 
of  other  programs.  Much  of  the  NASA  equipment  is  similar  to 
that  used  dovn  range.  There  is  also  much  equipment  redundancy 
within  the  NASA  UDOP  System. 

Within  the  next  few  months  the  Up  Range  UDOP  System  will 
be  converted  to  an  offset  doppler  system  and  will  only  return 
to  UDOP  configuration  for  MINUTQfAN  support. 

The  offset  doppler  (ODOP)  interrogator  system  is  designed 
to  extend  the  existing  UDOP  frequency  doubling  (450/900  me) 
tracking  system  to  phase -coherent  offset  (890/960  me)  capability. 
It  provides  a  high  power  890  me  interrogation  signal  to  missile 
or  space  vehicle-bome  transponders  and  additionally^  furnishes 
a  53  1/3  me  reference  signal  which  can  be  used  to  drive  existing 
VHP -UDOP  reference  transmitters.  These  output  frequencies  as 
well  as  others  are  all  phase -coherently  derived  from  any  of 
several  input  frequencies  supplied  by  precision  frequency  stan¬ 
dards  or  from  an  internally  included  stable  VCXO  (voltage  con¬ 
trolled  crystal  oscillator) .  All  critical  systems  can  be  backed 
up  with  duplicate  systems  with  a  quick  change-over  feature  for 
uninterrupted  operation  under  field  conditions. 

The  total  ODOP  System  consists  of  the  regular  UDOP^  VHP  and 
UHP  receivers  at  various  locations  along  with  the  existing 
reference  and  test  transmitters.  The  existing  reference  trans¬ 
mitters  and  receivers  must  be  retuned  to  53  1/3  me  while  the 
test  transmitters  must  be  retuned  to  960  me.  A  960  me  trans¬ 
ponder  simulator  is  available  which  takes  the  place  of  the  test 
transmitter  and  provides  the  system  with  a  complete  simulation 
of  the  overall  ground-to-air  and  air-to-ground  offset  doppler 
system  for  checkout  purposes. 

In  addition  to  the  above  mentioned  existing  components^ 
the  system  involves  a  phaselocked  frequency  synthesiser  which 
gives  the  basic  output  frequencies  of  53  1/3  mc^  890  me  and 
960  me.  These  include  the  reference^  the  interrogator  and  the 
simulator  frequencies.  Along  with  the  synthesiser ^  the  addi¬ 
tions  to  the  system  include  an  890  me  transmitter  for  interro¬ 
gation  of  the  missile-borne  transponder. 
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The  operation  of  the  ODOF  System  is  of  course  similar  to 
that  of  the  UDOP  System.  The  main  differences  are  as  follova* 

The  transponder  is  interrogated  with  an  890  me  signal.  The 
transponder  receives  the  890  me  signal  along  vith  an  additional 
doppler  frequency  and  retransmits  a  phase- coherent  960  me  signal 
along  vith  ^e  doppler  frequency.  The  receivers  capture  the 
960  me  signal^  the  original  doppler  shift  and  an  additional 
doppler.  The  doppler  is  taken  from  the  960  me  basic  signal  by 
comparison  with  the  53  1/3  me  reference  frequency  times  18.  The 
data  output  of  the  receiver  is  then  a  phase-coherent  doppler 
signal  which  is  transmitted  via  a  data  link  to  the  central  record 
digitiser  site. 

The  ODOF  System  possesses  several  inherent  advantages  over 
the  UDOF  System,  primarily  resulting  from  the  choice  of  fre¬ 
quencies.  Since  the  propagation  effects  vary  inversely  as  the 
square  of  the  frequency^  the  ODOF  System  should  have  approximately 
1/4  of  the  propagational  error  of  the  UDOF  System  (890  vs  450  me). 
Another  advantage  is  derived  from  the  offset  technique  employed. 
This  technique  eliminates  any  interference  from  harmonics  of  the 
transmitted  signal,  that  might  be  experienced  in  the  UDOF  450/900 
me  frequency  doubling  scheme.  Still  another  advantage  is  pro¬ 
vided  by  the  phase- coherency  of  the  ODOF  System.  This  eliminates 
any  errors  produced  by  internal  phase  shift  in  the  equipment.  A 
fourth  ad  antdge  is  realized  from  the  change  in  transmitted  fre¬ 
quency  from  450  to  890  me.  There  is  an  ionospheric  refraction 
error  present  during  daytime  usage  of  the  UDOF  System  which  will 
be  reduced  by  a  factor  of  2.5  with  the  change  to  ODOF. 

A  complete  offset  doppler  Interrogator  system  and  spares 
can  be  procured.  This  system  may  be  either  a  simplex  system 
containing  a  phaselocked  frequency  synthesizer,  an  890  me 
power  amplifier  with  an  output  of  250  watts  and  a  transponder 
simulator  (test  transmitter)  with  oroad  band  antenna,  or  a 
duplex  system  containing  all  the  above  and  back-ups  for  the 
synthesizer  and  power  amplifier. 

Some  additional  modifications  would  have  to  be  made  to 
the  existing  receiver  sites  to  make  them  compatible  with  the 
altered  frequencies  of  the  new  system,  (see  Figure  3-7  and  3-8). 
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THE  UDOP  TRANSMITTER  SYSTEM 


The  UDOP  trensmltter  system  contains  tvo  1000-v«tt>  two  SOO^watt  and 
one  lOO-vatt  stabilised  frequency,  continuous  wave  transmitters  capable  of 
simultaneously  transmitting  three  phase- coherent  signals  on  different  fre¬ 
quencies.  These  three  signals  are  a  450  me  interrogation  signal  to  the 
missile,  a  50  me  reference  channel  frequency  to  all  of  the  receivers  and 
a  900  me  test  signal  to  all  of  the  receivers.  The  450  me  and  50  me  signals 
are  normally  transmitted  during  the  missile  flight.  The  900  me  test  signal 
may  be  transmitted  for  system  checkout  purposes  between  flight  tests  but  is 
not  transmitted  during  a  flight. 

The  do%m  range  transmitter  system  is  shown  in  simplified,  functional 
block  diagram  form  in  Figure  >-9.  The  block  diagram  shows  almost  complete 
back-up  facilities  in  the  transmitter  system. 

Phase  coherence  between  the  transmitted  frequencies  is  established 
and  maintained  through  the  use  of  a  coomon  signal  generator.  Through  a 
patch  panel  arrangement,  the  connon  frequency  may  be  taken  from  an  NC  1001 
Atomichron,  from  any  one  of  the  three  Gates  Model  M-5709  Radio  Frequency 
Reference  Oscillators,  or  from  the  HP  104AR  ultra- stable  oscillator.  Because 
the  Atomichron  gives  a  more  stable  frequency  than  the  Gates  oscillators,  it 
has  normally  been  used  during  missile  tests.  The  Gates  oscillators  are  used 
for  checking  out  the  equipment  and  other  operations  where  extreme  accuracy  is 
not  required.  An  HP  104AR  is  the  present  frequency  generator  of  this  system. 

The  Atomichron  is  used  chiefly  as  a  standard  for  comparison  for  the 
output  of  the  ultra-stable  oscillator. 

The  50  me  output  of  each  signal  generator  is  brought  to  a  Jack  on  a 
patch  panel  where  it  is  available  for  application  to  a  choice  of  final  ampli¬ 
fiers  and  transmitters.  The  signal  is  fed  directly  to  either  of  two  1,000- 
watt,  50  me  VHF  transmitters  for  transmission  as  the  reference  channel  fre¬ 
quency  to  the  various  receiver  sites.  The  50  me  signal  is  also  fed  through 
either  of  two  times  nine  multiplier  circuits  and  1,000-watt,  UHF  transmitters 
to  be  transmitted  as  a  450  me  interrogation  signal  to  the  missile.  These 
two  frequencies  are  the  operating  signals  transmitted  by  the  UDOP  transmitter 
system. 


There  is  also  a  900  me  transmitter  which  may  be  switched  in  to  trans¬ 
mit  a  900  me  test  signal  to  the  receiver  sites  for  checkout  purposes.  The 
50  me  signal  is  fed  through  a  times  Id  frequency  multiplier  to  become  900  me 
at  the  final  power  amplifier.  This  signal,  received  at  the  receiver  sites, 
simulates  a  signal  received  from  a  missile  on  the  pad  and  has  no  Doppler 
components.  Because  It  is  derived  from  the  same  basic  frequency  as  the 
reference  frequency,  the  two  frequencies  will  be  phase  coherent  and  the 
output  of  the  receiver  should  be  zero  cycles  of  18  RC  if  offset  biasing  is 
used. 
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FIG.  3-9  THE  DOWNRANGE  UDOP  TRAWSMITTER 

SYSTEM 
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During  the  early  days  of  the  down  range  UDQP  system,  low  velocities 
and  short  trajectories  were  the  standard  parazneters  of  each  missile  program 
that  was  supported.  After  MINUTEMAN  came  on  the  AMR,  with  a  considerably 
longer,  higher,  and  faster  trajectory,  certain  anoroolies  in  the  doppler 
signal  were  apparent.  Heretofore,  missiles  impacted  within  the  UDOP  geometry 
itself.  (See  Figure  3-10).  MINUTEMAN,  ho%«:ver,  is  under  thrust  as  it  passes 
the  down  range  UDOP  complex.  A  new  range  of  doppler  velocities  is  thereby 
generated. 


FIG.  3-10 
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A  typical  MINUtEMAN  trajectory  will  generate  a  decreasing  doppler 
during  the  early  phase  of  its  flight.  This  is  due  to  the  position  of  the 
missile  approaching  the  down  range  UDOP  sites.  As  the  missile  passes  tan¬ 
gentially  at  each  receiver  site,  the  doppler  frequencies  change  direction 
and  start  increasing.  They  continue  to  increase  thereafter  as  the  aspect 
angle  of  each  site  is  from  behind.  As  a  rough  doppler  frequency  plot,  see 
Figure  3-11. 


Note:  This  plot  is  a  rough  estimate  of 
frequencies  to  show  relative 


FIG.  3-11  PLOT  OF  APPARENT  DOPPLER  FREQUENCIES  AS  SEEN  BY  THE 
DOWNRANGE  DIGITIZER 


It  will  be  noted  from  Figure  3-11  that  the  doppler  frequency  passes 
through  zero  cps.  It  is  very  difficult  for  electronic  quantizing  apparatus 
to  digitize  this  region  of  extremely  low  doppler  frequencies.  Such  measure¬ 
ments  have  been  accomplished  by  visually  counting  doppler  cycles  from  oscillo¬ 
graph  recordings.  With  the  tremendous  volume  of  UDOP  data  generated  during  a 
test,  this  method  is  not  feasible  and  not  very  accurate. 
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Figure  3-12 
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DATA  LINK 

XMTRI  ^ —  note:  EACH  RECEIVER  STATION 

J>**«*«  I  HAS  DUAL  RECEIVING 

CAPABILITY 


To  eliminate  the  zero  frequency  effect*  or  null*  a  method  was  devised 
to  offset  the  apparent  doppler  frequency  generated  from  the  missile.  A  1  KC 
coherent  signal  is  mixed  with  the  50  me  reference  frequency*  (See  Figure  3-12) 
so  that  the  received  reference  at  each  site  is  50.001  me.  After  multiplica¬ 
tion  in  the  UDOP  Receiver  by  18*  the  reference  signal  appears*  in  effect*  as 
900.018  me.  (See  Figure  3-13).  For  a  steady  state  check  of  system  perform¬ 
ance,  a  900  me  test  transmitter  signal  is  compared  at  each  site  with  the 
offset  reference  signal,  and  the  resulting  doppler  output  is  a  very  stable 
18  KC.  This  method  of  system  checkout  is  used  during  the  countdown  as  a 
measure  of  system  performance*  encompassing  the  entire  RF  and  digital  system. 
As  seen  by  Figure  3-14*  with  an  18  KC  offset*  the  received  doppler  frequencies 
from  the  missile  never  pass  through  zero.  This  enables  both  DARE  and  the 
down  range  digitizer  to  completely  digitize  the  entire  MINUTEHAN  doppler 
trajectory. 


FIG.  3-14  PLOT  OF  APPARENT  DOPPLER  FREQUENCIES  AS  SEEN  BY  THE 
DOWNRANGE  DIGITIZER  USING  OFFSET  BIAS  TECHNIQUES 

NASA  uses  a  similar  offset  method.  NASA  has  the  responsibility  of 
doppler  coverage  from  liftoff*  so  the  doppler  frequencies  generated  at  the 
pad  are  zero  and  increase  ver^  slowly.  NASA*  therefore*  offsets  the  missile 
doppler  signal  by  5  KC*  which  is  si  fficient  for  their  needs.  NASA  sees  the 
missile  as  an  ever-increasing  doppler  signal  and  experiences  no  nulls. 

The  UDOP  central  transmitting  site*  as  installed  at  Carter  Cay*  con¬ 
sists  of  the  subsystem  Just  described  whose  characteristics  are  described 
herein.  (See  Figure  3-9). 

1.  Gates  Oscillator  Unit  -  Model  M5708 

Three  of  these  crystal  controlled  oscillator  units  are  used,  one 
as  a  variable  frequency  source  for  the  900  me  test  transmitter  and 
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the  other  two  as  standby  references  in  case  of  primary 
reference  failures. 

Tuning  range  -  47.7  to  53.3  me  by  changing  crystal 

Frequency  stability  -  1  x  10  ^  for  15  minutes 

1  X  lO”^  for  8  hours 

Fine  frequency  change  -  1  part  in  20,000  by  front  panel  control 
Output  Impedance  '  50  ohms 
Power  output  '  10  milliwatts 

2.  Gates  Buffer  Amplifier  **  Model  H5709 

Three  of  these  units  are  used  to  buffer  the  M5708  oscillators, 
provide  plate  and  filament  voltages  for  the  oscillators,  and 
amplify  the  reference  signal  sufficiently  to  drive  the  trans¬ 
mitters. 

3.  Gates  Coaxial  Patch  Panel  -  Model  M5707 

One  unit  is  used  to  provide  a  means  to  drive  any  combination 
of  these  power  amplifiers  from  one  buffer  amplifier  power 
source  of  any  combination  of  buffer  amplifier  and  power  ampli¬ 
fier  as  desired. 

4.  Gates  Reference  Transmitter  -  Model  M5704 

Two  units  are  used,  one  as  a  primary  reference  source  and  the 
other  as  back  up.  These  are  power  amplifiers  only  and  must  be 
driven  by  a  M709  buffer  or  equivalent. 

RF  Input  Frequency  Range  -  47.7  to  53.3  me 

RF  Input  Impedance  -  50  ohms 

RF  Input  Power  -  1  watt 

RF  Output  Range  -  47.7  to  53.3  me 

RF  Output  Impedance  -  50  ohms 

RF  Output  Power  -  1000  watts 

Harmonics,  2nd  -  80  db  min. 

All  others  -  60  dl  min. 

Noise  -  60  db 

Phase  Stability  -  less  than  10°  over  1  •  ninute  period  after  one 

hour  warm  up. 
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5.  Gates  450  me  Transmitter  -  Model  M5705 


A 


Two  of  these  units  are  used,  one  as  a  primary  interrogation 
transmitter,  and  the  other  as  back  up.  The  tr ansi  It ter  con¬ 
sists  of  a  times  nine  multiplier  and  po%i>er  amplifier  and,  as 
such,  must  be  driven  from  a  Model  M5709  buffer  amplifier  or 
equivalent. 

RF  Input  Frequency  -  47.7  to  53.3  me 
RF  Input  Impedance  -  50  ohms 
RF  Input  Power  -  1  watt 
RF  Output  Frequency  -  430  to  480  me 
RF  Output  Impedance  -  50  ohms 
RF  Output  Power  -  800  watts 

b.  Gates  900  me  Transmitter  -  Model  M5706 

One  of  these  units  is  used  as  a  test  transmitter  to  simulate 
the  missile  transponder  return  during  system  checks.  The 
transmitter  consists  of  a  times  18  multiplier  followed  by  a 
power  amplifier.  This  unit  must  be  driven  by  a  M5709  buffer 
or  equivalent. 

RF  Input  Frequency  47.7  to  53.3  roc 
RF  Input  Impedance  -  50  ohms 
RF  Input  Power  -  1  watt 
RF  Output  Frequency  -  860-^60  me 
RF  Output  Impedance  -  50  ohms 
RF  Output  Power  -  100  watts 
Harmonics  -  down  60  db 
Noise  -  down  60  db 

Provision  is  made  for  a  continuous  reduction  of  RF  power 
out,  60  db  below  the  nominal  100  watts  out. 

7.  Gates  Monitor  Scope  -  Model  M4180B 

One  unit  is  used  in  the  system.  This  monitor  scope  displays 
the  difference  between  the  50  and  450  me  transmitters  for 
tuning  purposes  by  means  of  a  9;1  Lisajous  pattern  display. 

RF  Input  Frequency  -  Input  1:  47.7  -  53.3  me 

Input  2 :  430  -  480  me 
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Tht  basic  frequency  for  the  ISK)P  transaltters  is  generated  by 
equipaent  located  at  Little  Carter  Cay,  GBI.  This  equlfHKnt  consists 
of  a  Frisary  Frequency  Standard  and  a  Precision  Radio  Frequency  Asseably. 

The  FriaMry  Frequency  Standard  generates  a  10  ac  signal  idiich  is  uaed  as 
the  basis  for  deriving  the  transaitter  reference  frequency  and  interroga¬ 
tion  frequency.  The  Precision  Radio  Frequency  Assead>ly  consists  of  a 
secondary  freq\iency  standard,  a  frequency  coaparator  and  an  offset  bias 
converter.  The  rack  layout  and  equipment  positions  of  this  assembly  are 
shown  in  Figure  3-15.  Three  major  functions  which  are  performed  by  this 
equipment  are  as  follows: 

1.  Provide  a  secondary  frequency  standard  with  10  ac,  5  me,  1  me, 

100  KC,  10  KC,  1  KC  and  1  PFS  outputs  phaselocked  to  each  other 
and  stable  to  within  5  parts  in  10^^  per  day. 

2.  Provide  a  method  of  comparing  these  frequencies  with  those  I 

generated  by  the  primary  frequency  standard.  j 

I 

3.  Provide  a  50^001  «c  signal  coherently  related  to  the  10  me 

output  of  the  Atomichron  or  the  secondary  frequency  standard,  | 

whichever  is  selected.  j 

The  general  subsystem  operation  has  two  major  modes.  One  is  operation 
from  the  secondary  frequency  standard  and  the  other  is  operation  from  the 
Atomichron  primary  frequency  standard.  When  operating  from  the  secondary  j 

frequency  standard  (See  Figure  3-15),  the  5  me  from  the  oscillator  is  multi-  1 

plied  to  10  me  by  the  frequency  doubler  in  the  bias  converter  and  then  fed  j 

to  the  times  5  multiplier.  The  50  me  output  of  this  multlplU^r  and  the  1  KC  { 

from  the  frequency  divider  and  clock  in  the  secondary  frequency  standard  are 
fed  to  the  bias  converter  where  a  50.001  me  signal  is  generated.  The  second-  \ 

ary  frequency  standard  can  be  compared  to  the  Atomichron  during  operation  in 
this  mode  if  it  is  desired. 

When  operating  from  the  Atomichron  (See  Figure  3-16),  the  frequency 
doubler  is  not  used.  The  10  me  output  of  the  Atomichron  is  multiplied  to 
50  me  directly  and  fed  to  the  bias  converter.  The  100  KC  output  of  the 
Atomichron  is  divided  down  by  the  frequency  divider  to  1  KC  and  fed  to  the 
bias  converter.  The  50.001  me  is  fed  to  the  buffer  amplifier. 

The  National  Radio  Company  Hodel  NC  1001  Atomichron  is  the  Primary 
Frequency  Standard  used  in  the  down  range  UDOP  system.  See  Figure  3-17  for 
relative  position  of  the  Atomichron  in  the  down  range  system.  See  also 
Figure  3-12. 

A 

The  following  discussion  and  block  diagram  were  taken  from  the 
Instruction  Manual  of  ccie  NC  1001  Atomichron. 

The  /tomlchron  is  a  frequency  generator  of  exceptional  accuracy  and  ! 

stability.  When  supplied  with  60  cps  alternating  current  at  115  volts,  it 
is  capable  of  producing  five  output  frequencies  which  are  accurate  to  one 
part  In  a  billion  and  stable  to  five  parts  in  ten  billion.  The  General 
Specifications  list  all  of  the  important  operating  characteristics  of  the 
Atomichron.  A  short  deccrlption  of  how  it  functions  to  achieve  its  rated 
accuracy  and  stability  is  given  in  the  paragraphs  idiich  follow. 
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FIG  .  3-16  BLOCK  DIAGRAM  OF  THE  SYSTEM  OPERATION  FROM  THE 
SECONDARY  FREQUENCY  STANDARD 
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FIG.  3-17  BLOCK  DIAGRAM  OF  THE  SYSTEM  OPERATION  FROM  THE 
ATOMICHRON 
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The  Atomichton  oves  Its  exceptional  accuracy  and  stability  to  a 
unique  frequency* stabilizing  system  in  which  atoms  of  the  element  Cesium 
(Cs)  are  used  as  a  frequency  reference*  Cesium  atoms  may  exist  with  more 
than  one  internal  arrangement  of  their  electrons  and  changes  in  these 
arrange^ncs  are  accompanied  by  the  radiation  or  absox'ption  of  an  electro¬ 
magnetic  wave.  The  frequency  of  a  wave  corresponding  to  a  given  transi¬ 
tion  is  characteristic  of  the  atom  and  under  proper  conditions  is  not  affected 
by  environment  temperature,  pressure  or  aging  effects.  The  Atomichron  uti¬ 
lizes  the  very  stable  resonance  which  is  characteristic  of  Cesium  atoois  when 
they  are  excited  by  an  electro-magnetic  wave  at  a  frequency  of  9192.631840  me. 
f  Frequency  generating  circuits  in  the  Atomichron  produce  a  signal  at  9192.- 

I  631840  me  and  the  accuracy  of  this  signal  is  monitored  continuously  by  conr 

I  paring  it  with  the  Cesium  resonance  frequency.  For  this  purpose,  the  Cesium 

■’  atoms  are  directed  through  an  rf  chamber  which  is  excited  by  the  locally 

generated  signal  which,  if  oscillating  at  the  resonance  frequency,  brings 
about  a  reorientation  of  the  outermost  electron  of  each  atom.  A  detector 
senses  the  rate  of  flow  of  atoms  which  have  undergone  internal  changes 
during  their  passage.  If  a  maximum  number  has  been  reorientated  internally 
the  frequency  of  the  field  in  the  rf  chamber  corresponds  exactly  to  the 
resonance  frequency  of  the  Cesium  atoms  and  no  correction  is  required.  If, 
however,  the  majority  of  Cesium  atoms  do  not  change  internal  orientation 
while  passing  through  the  rf  chamber,  the  locally  generated  frequency  is 
other  than  9192.631840  me.  This  means  that  the  primary  frequency  generator 
in  the  Atomichron  must  be  adjusted  so  as  to  return  the  rf  chamber  excitation 
frequency  to  9192.631840  me.  A  servo  system  which  responds  to  the  error 
signal  from  the  detector  effects  the  required  adjustment  to  a  crystal  oscil¬ 
lator  which  is  the  basic  frequency  generator  for  the  system.  The  output  of 
this  oscillator  is  processed  to  produce  the  9192.631840  me  signal  which 
excites  the  rf  chamber,  thus  closing  the  servo  loop.  Harmonics  and  sub¬ 
harmonics  of  the  stabilized  crystal  oscillator  output  are  taken  from  the 
frequency  processing  circuits  and  amplified  to  become  Atomichron  system 
outputs.  A  brief  general  description  of  the  Atomichron  frequency-stabiliz¬ 
ing  system  is  given  in  the  following  paragraphs. 

Figure  3-18  is  a  simplified  functional  block  diagram  of  the  Atomi¬ 
chron  system.  As  shown  in  this  diagram,  the  system  can  be  broken  down  into 
three  major  sub-divisions;  a  frequency  source,  a  frequency  reference  and  a 
frequency  control  section.  These  three  sections  are  connected  to  form  a 
closed- loop  servo  system.  In  this  diagram  the  frequency  source  section  is 
further  sub-divided  to  show  the  manner  in  which  the  output  of  the  basic 
oscillator  for  the  system  is  frequency  processed  to  produce  the  required 
9192.631840  me  signal.  The  functional  blocks  used  in  Figure  3-18  are  not 
intended  to  correspond  to  physical  sub-divisions  of  the  equipment,  nor  is 
the  following  explanation,  based  upon  this  diagram,  intended  to  cover  any 
but  the  most  general  functional  details  of  the  Atomichron. 
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As  shovn  in  Figure  3-18,  the  9192.631840  me  signal  required  to  cause 
Cesium  energy  level  transition  is  obtained  by  processing  the  output  of  a 
5  me  crystal  oscillator  in  the  Frequency  Source  Section.  The  5  me  signal 
is  applied  simultaneously  to  multiplier  and  synthesizer  circuits.  The 
multiplier  increases  the  frequency  by  a  factor  of  1836  to  9180  me,  while 
the  synthesizer,  through  a  system  of  dividers,  multiplers  and  mixers, 
raises  the  5  me  to  12.631840  me.  The  two  signals  thus  produced  are  com¬ 
bined  in  the  mixer  circuits  to  produce  a  frequency  of  9192.631840  me  which 
is  the  transition  frequency  of  the  Cesium  atoms.  This  9192.631840  me 
signal  is  then  applied  to  the  Frequency  Reference  Section. 

The  Frequency  Reference  Section  contains  a  beam  tube  In  which  fhe 
9192.631840  me  signal  is  compared  with  the  stable  transition  frequency  of 
Cesium  atoms.  When  the  signal  from  the  Frequency  Source  Section  differs 
from  the  Cesium  transition  frequency,  an  error  voltage  is  produced.  This 
error  voltage  is  applied  to  servo  devices  in  the  Frequency  Control  Section. 
These  servo  devices  are  mechanically  coupled  to  frequency- stabilizing  com¬ 
ponents  in  the  5  me  oscillator  circuit,  by  which  means  they  effectively 
adjust  the  output  of  the  oscillator  to  a  precise  5  me  correct  to  one  part 
in  a  billion. 
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FIG.  3-19  ATOMICHRON,  BLOCK  DIAGRAM 


In  the  process  of  generating  the  9192. 631840  me  signal,  the  Fre¬ 
quency  Source  Section  also  develops  the  five  usable  outputs  of  the  Atomi- 
chron  System.  Since  these  outputs  are  obtained  by  direct  multiplication 
and  division  of  the  5  me  oscillator  output,  they  are  accurate  and  stable 
to  the  same  degree. 


Minimum  stability*  of  5  parts  in  10^^  parts  for 
the  life  of  the  instrument.  (After  2  hotir 
warm-up,  when  measured  by  a  device  with  a 
response  time  greater  than  five  seconds). 

2.  Atomic  Beam  Tube:  The  beam  vacuum  tube  is  a  static  system.  This 

is  a  completely  sealed  system  not  requiring 
mechanical  pumping. 

3.  Accuracy  of  Output  Output  frequencies  of  100  me,  10  me,  5  me,  1  me. 

Frequencies:  and  0.1  me  are  available  with  a  power  output  of 

10  dbra  and  an  impedance  level  of  50  ohms  nominal 
by  means  of  convenient  panel  connections.  These 
frequencies  are  accurate*  to  within  one  part  in 
10^  under  all  specified  environmental  conditions. 

4.  Lock-in  Indicator:  Automatic  warning  provides  visual  indication  of 

proper  operation. 

5.  Power  Line  Stability:  Equipment  meets  all  performance  specifications 

when  operated  from  a  power  line  source  of  115 
volts  +  10%  at  a  frequency  of  60  cps  +  10%.  The 
unit  operates  directly  from  the  line  without 
further  equipment. 

6.  Shielding:  The  equipment  is  so  shielded  chat  its  accuracy 

will  not  be  impaired  when  operated  in  magnetic 
fields,  AC  or  DC,  of  10  oersteds,  peak. 

7.  Size  and  Weight:  7  foot  relay  rack  (22"  x  18"  x  84"),  approximately 

25  cu.  ft. ,  weight  approximately  600  lbs.  uncrated. 

8.  Environment:  Normal  variations  in  environmental  conditions  pro¬ 

duce  negligible  effect  on  stability. 

9.  Operating  Position:  Normal  operating  position  of  the  unit  is  upright. 

During  shipment  it  should  be  mounted  upright,  but 
may  be  tilted  as  much  as  60^  from  the  vertical 
during  loading  and  unloading. 

*  Stability  and  Accuracy  as  used  here  denote  the  following: 

Accuracy:  A  degree  of  conformity  to  an  absolute  or  generally 

accepted  standard.  At  present  frequency  is  defined 
in  termj  of  measurements  of  celestial  motions.  Meas 
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Stability: 


urements  of  the  Cesium  resonance  have  been  made 
to  one  part  in  10^, 

The  degree  to  %diich  a  frequency  standard  retains 
its  initial  frequency  within  a  fixed  time  inter¬ 
val.  In  the  Atomichron  NC-IOOI  the  degree  of 
stability  is  indicated  in  (1)  above. 

The  secondary  frequency  standard  is  a  Hewlett-Packard  Hodel  104AR 
Quartz  Oscillator.  In  this  system,  the  standard  is  furnished  with  a  Hodel 
113BR  Freqtiency  Divider  and  Clock  and  a  Stand-by  Power  Supply  Hodel  724BR. 

For  a  detailed  discussion  of  individual  equipment  operation,  refer  to 
Section  I  of  the  respective  operating  and  servicing  manual  associated  with 
each  instrument. 

The  operation  of  the  secondary  frequency  standard  is  as  follows: 

A  stable  qiiartz  crystal  oscillator  generates  a  1  me  signal.  This  signal  is 
then  multiplied  up  to  give  a  5  me  output  and  divided  down  to  give  a  100  KC 
output.  This  100  KC  output  is  entered  into  the  Frequency  Divider  and  Clock. 
Here  it  is  further  divided  down  to  give  10  KC,  1  KC,  and  1  PPS  outputs.  A 
twenty- four  hour  clock  is  also  included  which  operates  from  the  coimtdown 
string.  The  manufacturer's  operating  and  servicing  manual  should  be  referred 
to  for  a  complete  description  of  this  equipment.  (Hewlett-Packard). 

The  operation  of  the  ultra-stable  oscillator  and  the  Frequency 
Divider  and  Clock  should  be  continuous  and  relatively  trouble  free.  If 
a  malfunction  does  occur  or  it  is  suspected  that  the  equipxasnt  is  not 
operating  correctly,  refer  to  the  maintenance  sections  of  the  manufacturer's 
Operating  and  Servicing  Manuals.  It  should  be  noted  here,  hoiiever,  that 
this  oscillator  is  a  precision  piece  of  test  equipment  and  any  deviation 
from  its  normal  operation  should  be  considered  serious.  Care  should  be 
taken  to  determine  the  trouble  as  near  as  possible  without  turning  off  the 
equipment,  and  a  careful  study  of  the  suipected  area  should  be  made  before 
any  decision  is  made  on  what  to  do.  Note  also  at  this  point  that  all  count¬ 
down  circuits,  both  in  the  oscillator  and  the  Frequency  Divider  and  Clock 
are  regenerative  and  a  loss  of  only  one  cycle  will  stop  them  from  operation. 
This  is  normal  and  does  not  in  any  way  affect  the  oscillator  stability  unless 
the  power  to  the  oven  is  removed  in  the  process.  Refer  to  the  manuals  for 
proper  start  procedures  of  the  countdown  string. 

The  frequency  comparator  supplied  with  this  equipment  is  an  EDP 
Model  444A053.  It  provides  a  means  of  comparing  the  1  PPS  output  of  the 
secondary  frequency  standard  to  a  primary  frequency  standard  such  as  the 
National  NC  1001  Atomichron.  A  Rustrak  strip  chart  recorder  is  also  pro¬ 
vided  to  give  a  permanent  record  of  the  results  of  the  frequency  compari¬ 
son.  (See  Figure  3-20). 

With  reference  to  the  frequency  comparator,  the  1  PPS  "tick”  output 
of  the  Hewlett-Packard  Model  113BR  Frequency  Divider  and  Clock  is  introduced 
and  serves  as  the  START  impulse  for  the  counters.  The  "tick"  output  is 
derived  from  the  Quartz  oscillator  and  is  a  direct  function  of  oscillator 
frequency.  Available  Atomichron  outputs  of  1  me  and  100  KC  are  utilized  as 
TIME  BASE  and  STOP  inputs. 
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Frequency  Comparator 


The  counting  cycle  is  inititted  upon  receipt  of  a  positive  **tick** 
pulse  frooi  the  Frequency  Divid«^r  and  Clock.  The  pulse  is  shaped  by  a  MSMF 
whose  output  resets  a  four- stage,  counter  and  sets  the  output  of  a  BSMV 
negative.  This  output  opens  an  ^'AND"  gate  and  allows  inverted  1  me  pulses 
to  enter  the  counter  string. 

The  first  negative  half  cycle  of  100  KC  after  the  1  PPS  **tick** 
closes  the  "AND"  gate.  The  number  of  1  me  pulses  allowed  to  pass  through 
the  gate  is  retained  by  the  binary  states  of  the  counter  stages.  It  can 
be  Been  that  no  more  than  ten  pulses  of  1  me  will  be  allowed  to  pass  due 
to  the  phase- lock  relationship  of  1  me  and  100  KC. 

A  resistance  network  and  the  resistance  of  the  Rustrak  meter  sums 
the  voltage  states  of  the  BSMV  counter  stages.  A  current  flows  through  a 
resistor  and  the  meter  which  is  proportional  to  the  sum  of  the  voltages 
which  appear  at  the  counted  outputs  and  hence  the  actual  cycles  counted. 

Lamps  serve  as  visual  aids  in  determining  the  count  at  a  particular  time. 

To  allow  drifts  in  either  positive  or  negative  directions  to  be  plotted » 
the  comparator  is  set  initially  to  a  mid-scale  value  of  5  cycles  by  adjust¬ 
ing  the  TIME  REFERENCE  control  of  the  Frequency  Divider  and  Clock. 

The  frequency  comparator  has  simple  alignment  procedure.  The  fre¬ 
quency  comparator  is  designed  to  be  used  in  conjunction  with  an  external 
Atomichron  primary  frequency  standard  and  a  Hewlett-Packard  secondary  fre¬ 
quency  standard.  Any  records  taken  without  the  proper  input  connections 
made  to  the  comparator  will  be  meaningless.  With  the  POWER  switch  0N» 
RECORDER  switch  OFF,  allow  a  warm-up  time  of  at  least  five  minutes. 

Rotate  the  TIME  REFERENCE  control  on  the  Hewlett-Packard  Model 
113BR  Frequency  Divider  and  Clock  slowly  clockwise  until  a  count  of  ten 
appears  on  the  indicator  lamps  (8  and  2  only).  The  counter  recycles  once 
per  second.  When  a  count  of  ten  has  repeated  several  times,  adjust  the 
F.  S.  ADJUSTMFilT  control  with  a  screwdriver  so  that  the  pointer  of  the 
Rustrak  recorder  reads  1.0  ma.  Lock  the  shaft  of  the  F.  S.  ADJ  control 
with  the  lock  nut  provided. 

NOTE:  The  Rustrak  recorder  has  a  chopper  bar  which  periodically 
clamps  the  pointer  against  the  paper.  In  the  event  the  chopper  bar  has 
clamped  the  pointer  so  that  it  is  not  free,  it  may  be  released  by  manipula¬ 
tion  of  the  RECORDER  switch  to  move  the  bar  away  from  the  pointer.  Now 
rotate  the  TIME  REFERENCE  control  on  the  Frequency  Divider  and  Clock  slowly 
until  a  count  of  five  appears  on  the  l^uicator  lamps  (4  and  1  only).  The 
pointer  on  the  recorder  should  drop  to  half- scale  or  0.5  ma. 

The  recording  run  may  be  initiated  by  operating  the  RECORDER  switch 
to  the  ON  position.  The  frequency  co:nparator  will  automatically  compare 
the  frequency  of  the  secondary  standard  egainst  the  primary  standard  and 
present  the  frequency  drift  in  strip  chart  form.  The  chart  speed  is  one 
inch  per  hour. 

Since  precision  oscillators  have  a  nearly  linear  drift  rate,  average 
frequency  during  a  time  interval  can  be  considered  equal  to  the  instantaneous 
frequency  at  the  midpoint  of  the  interval.  A  one-to-one  correspondence 
exists  between  the  tenths  of  milliamps  on  the  chart  scale  and  drift  in  micro- 
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seconds »  thus  the  relationship  belov  becomes  useful: 
f  T 

vhere 

^  -  average  frequency  error 
f 

At  ■  drift  from  zero  (center  scale)  in  microseconds 
T  *  elapsed  time  in  hours 


Example: 

Over  a  2  hour  period  the  record  shows  a  positive  drift  of 
3  microseconds.  In  this  case: 

^  *  ■>‘3  usee.  . 
f  2  hours 

This  indicates  an  error  of  0.416  parts  in  10^  high.  Average 
freqxiency  of  the  oscillator  during  this  period  is  given  by: 

'.V  •'«.<>*  f  > 

where 

f^^  ■  average  frequency 

fnom  *  nominal  oscillator  frequency 

■  average  frequency  error 
f 

If  the  nominal  oscillator  frequency  in  the  example  above  is  1  me, 
the  average  frequency  is: 

f  -10^  (1+®:^)  -  1,000,000.000416  cp« 

■ '  lO" 

If  over  a  period  of  measurement,  the  recording  should  reach  full 
scale  (i.e. ,  3  usee.),  the  record  will  resume  at  the  opposite  side 
of  the  chart  and  continue  in  the  same  direction.  In  this  evept, 
it  is  necessary  to  add  the  number  of  microseconds  over  and  above 
full  scale  to  the  full  scale  value. 

The  bias  converter  included  in  the  rack  is  an  EDP  Model  444A042.  Its 
purpose  is  to  generate  a  50.001  me  signal  which  is  coherently  related  to  the 
5  me  from  the  oscillator  or  to  the  10  me  from  the  Atomichron.  A  frequency 
doubler  is  included  in  the  converter  to  double  the  5  me  to  10  me  when  opera* 
ting  from  the  oscillator. 


3.6  x  10^  usee. 
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The  bias  converter  (See  Figure  3-21)  is  a  VHP  phasing  type  single 
side  band  generator,  as  can  be  seen  from  the  block  diagram  of  Figure  3-22. 

The  function  of  the  converter  is  to  produce  a  frequency  that  is  the  sum  of 
the  50  me  carrier  and  the  1  KC  modulating  signal.  This  sum  can  be  obtained 
by  adding  the  outputs  of  two  balanced  modulators  when  the  amplitudes  and 
phases  of  the  carrier  and  audio  signals  driving  these  modulators  are  properly 
selected.  To  produce  the  upper  side  band  frequency  while  eliminating  the 
lower  side  band  and  carrier  frequencies  completely,  the  following  conditions 
should  exist  in  converter. 

1.  The  balanced  modulators  should  be  identical  and  should  be 
ideal  in  the  sense  that  for  the  same  audio  and  rf  input 
levels  they  produce  equal  side  band  frequency  levels  and 
zero  carrier  level  in  the  output. 

2.  The  input  audio  and  rf  levels  should  be  the  same  for  each 
modulator. 

3.  The  phase  shift  in  both  the  rf  and  audio  phase  shift  net¬ 
works  should  be  either  +90°  or  -90°. 

In  practice  it  is,  of  course,  impossible  to  obtain  exactly  the  above 
operating  conditions.  However,  these  conditions  can  be  approached.  Tlie 
degree  of  suppression  at  the  carrier  and  tne  undesired  side  band  in  SSB 
output  will  be  a  function  of  how  closely  the  desired  operating  conditions 
are  approached.  The  audio  and  rf  circuitry  used  in  obtaining  input  signal 
amplification  and  phase  shift  in  the  converter  should  be  familiar  to  anyone 
with  experience  in  SSB  communication  equipment.  Only  In  the  case  of  the 
balanced  modulators,  the  sunming  network,  and  the  output  SSB  amplifier  was 
an  extension  of  existing  SSB  circuitry  found  necessary.  Therefore,  only 
these  circuits  will  be  discussed  in  detail. 

A.  The  Balanced  Modulator 

The  classical  balanced  modulator  is  shown  in  Figure  3-23.  The 
non- linear  element  could  be  any  switching  device  such  as  a  diode 
or  class  "C"  amplifier.  In  any  case,  the  element  must  produce  a 
current,  I,  which  is  proportional  to  the  product  of  two  applied 
voltages,  Vm  and  Vc.  If  the  nonlinear  elements  I  and  II  are 
identical  ,  the  currents  Ij  and  I  add  in  the  summing  network  to 
produce  an  output  voltage  Vq  which  is  free  of  the  signal  fc  but 
contains  sum  and  difference  frequencies  fc  +  fm  and  fc  -  fm 
where  the  signal  amplitudes  are  proportional  to  the  product  of 
Vm  X  Vc.  Signals,  other  than  those  mentioned  above,  may  exist  in 
Vq  but  can  be  removed  by  filtering  if  the  frequency  fc  is  much 
greater  than  fm. 

Since  the  characteristics  of  the  non-linear  element  will  usually 
change  with  time  and  since  the  amount  of  change  usually  uill  not 
be  the  same  from  element  to  element,  the  modulator  will  not  main¬ 
tain  balance  indefinitely.  The  stability  of  the  modulator  is  a 
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function  of  the  type  of  element  used  and  the  frequency  fc*  Circuits 
which  demonstrate  good  balance  stability  at  a  few  me  could  have  very 
poor  stability  at  50  me. 

B.  The  Suwmlng  Circuit 

The  circuit  used  to  sum  the  outputs  of  the  tjoo  balanced  modulators 
to  produce  the  desired  50.001  me  output  is  shown  in  Figure  3*22. 

It  should  be  noted  that  the  two  balanced  modulators  use  a  common 
output  tank.  With  the  correct  amplitudes  and  phases  of  the  audio 
and  rf  signals  the  lower  side  band  outputs  from  the  two  modulators 
subtract  \diile  the  upper  side  bands  add. 

C.  The  Output  SSB  Amplifier 

In  the  comnon  SSB  transmitter  circuit  the  output  amplifier  must  be 
linear  because  it  must  pass  a  band  of  frequencies  without  distortion. 
However,  if  the  band  consisted  of  only  one  frequency,  there  would  be 
.10  need  for  linear  amplification. 

If  the  bias  converter  circuit  differs  slightly  from  the  optlium 
8ho%m  in  Figure  3*22,  a  distortion  component  can  exist  in  the  SSB 
output  in  the  from  of  AM  modulation.  This  modulation  is  removed 
from  the  SSB  output  by  using  a  saturated  output  amplifier.  (This 
amplifier  is  coiiq>08ed  of  the  last  two  stages  of  the  bias  converter.) 

Operation  of  the  rack  in  general  is  simple  and  straightforward;  how* 
ever,  certain  precautions  should  be  observed.  First  and  most  important  is 
that  power  must  not  be  removed  from  the  oscillator  even  for  a  very  short 
time.  If  it  is,  no  damage  will  result  to  the  equipment,  but  it  may  take 
21  days  for  the  oscillator  to  regain  its  specified  stability  after  po%#er  is 
re* connected.  A  standby  power  supply  is  furnished  that  will  supply  po%rer  for 
at  least  48  hours  to  the  oscillator  after  loss  of  the  AC  input.  In  normal 
operation  the  oscillator  and  the  Frequency  Divider  and  Clock  remain  ener* 
gized  at  all  times,  even  during  loss  of  the  117  VAC  input  power.  A  layout 
of  the  front  of  the  rack  is  shown  in  Figure  2-15.  Numbered  points  in  the 
text  refer  to  this  drawing.  Refer  to  Section  II  to  determine  which  mode  of 
operation  is  required.  Two  are  possible.  One  is  operation  from  the  H*P 
oscillator  and  the  other  is  operation  from  the  Atomichron. 

After  the  connections  for  the  selected  mode  are  made,  switch  the 
power  onto  the  bias  converter  by  the  AC  switch  on  the  front  panel  (#1  on 
the  layout).  Allow  about  a  one  hour  warm-up  period  for  the  bias  converter 
before  using  it  in  the  system.  At  the  end  of  this  time,  the  50.001  me 
signal  (  .7  VKMS  minimum)  is  ready  to  be  entered  into  the  buffer  amplifier 
which  in  turn  drives  the  transmitter.  If  the  operation  is  from  the  Atomi¬ 
chron,  the  frequency  comparator  is  not  used.  If  the  operation  is  from  the 
oscillator,  the  frequency  comparator  in  conjunction  with  the  Atomichron  can 
be  used  to  check  the  stability  of  the  oscillator  during  operation. 
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NonMlly  the  oscillator  stability  is  such  that  it  is  not  absolutely 
necessary  to  run  the  recorder  and  the  Atom!  .hron  continuously  in  order  to 
make  a  stability  comparison.  A  five  minute  run  every  one-half  hour  is 
sufficient  if  the  oscillator  is  operating  within  specifications. 

The  antenna  used  at  Carter  Cay  for  interrogation  of  missile-borne 
transponders  is  a  quad-helix,  steerable  unit.  (See  Figure  3-24).  The 
beaawidth  at  the  interrogation  frequency  of  450  me  is  22  degrees.  This 
means  that  the  antenna  must  be  positioned  during  the  flight  of  a  missile. 

For  this  purpose  a  484B  Cartesian  to  polar  converter  is  used  to  generate 
look  angles  for  the  UDOP  antenna  pedestal  (See  Figure  3-23).  Acquisition 
information  is  fed  up  and  down  the  AMR  during  a  shot  by  means  of  the  acquisi¬ 
tion  buss.  This  buss  carries  digital  information  occurring  at  a  480  PPS  rate. 
The  acquisition  buss  can  give  azimuth,  elevation  and  range  to  any  end  instru¬ 
ment  provided  with  a  1005R  data  receiver  (See  Figure  3-26)  and  a  Cartesian  to 
polar  converter.  This  converter  accepts  the  information  from  the  acquisition 
receiver  and  transforms  it  into  azimuth  and  elevation  servo  signals  for  posi¬ 
tioning  the  interrogation  antenna. 

The  specifications  for  the  quad-helix  antenna  are  as  follows: 


SPECIFICATIONS 

1.  Type:  Quad- Helix  transmitting  antenna  and  pedestal. 

2.  Function:  Used  to  supply  the  ground-to-air  interrogation 

link  for  the  Dow  Range  UDOP  System. 

3.  Characteristics:  A  Quad-Helix  transmitting  antenna  displaying  a 

uniform  po%#er  pattern  with  22®  bearawidth  (3  db  point) 
slaved  tracking  and  manual  operation  capabilities. 
This  antenna  has  the  following  characteristics; 


a. 

Frequency; 

440  to  460  me 

b. 

Gain: 

18  db  minimum 

c. 

VSWR: 

1.5:1  over  the  frequency  band 

d. 

Polarization : 

Right  Circular 

e. 

Beamwidth : 

22®  at  450  me 

f. 

Power ; 

1000  watts 

g- 

Sidelobe  Levels: 

15  db  below  main  lobe 

The 

antenna  pedestal 

is  as  follows: 

a. 

Operating  Modes: 

Manual  Position  or  slaved  with 
1:1  and  16:1  synchros 

b. 

Positional 

Accuracy: 

Better  than  ±  1°  in  45  mph  winds 

c. 

Elevation : 

-5°  to  110° 

d. 

Azimuth ; 

Continuous  rotation 

e. 

Rotation  Rates: 

12®  per  second  in  both  elevation 

and  azimuth 
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k.  Other  The  antenna  is  positioned  from  a  manual- remote  control 

Characteristics:  panel  or  slaved  to  a  remote  device  supplying  1:1  and 

16:1  synchro  information.  Azimuth  and  elevation  infor¬ 
mation  is  provided  on  the  control  panel.  Controls  for 
the  manual  remote  or  slaved  remote  operation  are  pro¬ 
vided  on  the  control  panel.  Indicators  are  also  pro¬ 
vided  on  the  control  panel  which  display  the  azimuth 
and  elevation  data  from  the  remote  device  supplying 
synchro  information. 


Figure  3-24  Quad-Hclix  450  MC  Trausmillmg  Antenna 
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Figure  3-26  Model  1005R  Data  Receiver 


60 


Figure  3  -  27  Rcsrier  UDOP  T.ansponder 
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f. 


THE  UDOP  TRANSPONDER 


UDOP  transponders  are  manufactured  by  two  companies,  Resdel 
Engineering  Corporation,  and  Motorola,  Inc. 

The  following  discussion  and  description  Is  of  the  Resdel 
Model  90710-2  solid  state  transponder  and  power  amplifier.  The 
transponder  Itself  Is  Resdel  Model  90662-2,  and  the  power  amplifier 
Is  a  planar  trlode  assembly.  Model  90688. 

The  complete  unit  Is  miniaturized,  (see  Figure  3-27). 

The  following  specifications  apply  to  the  Resdel  transponder. 


27  to  31  V  dc,  375  ma 


INPUT 


3  ^  V 
450  me 


SOLID  STATE 

• 

UDOP 

TRANSPONDER 

25  nai. 

Resdel 

900  me  ' 

Model  90662-2 

OUTPUT 


27  to  31  V  dc,  1.1  a 


POWER 

LNPUT  25  nw  ^ 

AMPLIFIER 

4  w 

900  me 

Resdel 

900  me 

Model  90688 

OUTPUT 


FIGURE  3-28.  BLOCK  DIAGRAM  OF  RESDEL  SOLID  bxATE  UDOP  IKANSPONDER 
AND  PLANAR  TRICDE  POWER  AMPLIFIER,  Model  90710-2 
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With  the  exception  of  two  planar  triodes  in  the  power  amplifier, 
the  transponder  and  power  amplifier  utilize  all  solid-state  components. 

The  cases  of  both  units  are  gold-plated  cast  aluminum  with  the 
interior  space  divided  into  compartments.  This  method  of  construction 
provides  the  following  advantages. 

1)  Rigid  mounting  for  modules 

2)  Excellent  heat  sink 

3)  Effective  shielding  between  sub-units 

4)  Great  Ov-  rail  strength  and  rigidity 

5)  Excellent  electrical  conductivity 

6)  Effective  protection  against  tarnish  or  corrosion 

7)  Provides  for  pressurizing  and  sealing  against  moisture 

The  semi- honeycomb  design  and  layout  is  flexible  and  readily  adapted 
to  other  applications  and  systems. 

SPECIFICATIONS 
Operating  Environment 

Temperature  . 

Acceleration . 

Vibration  . 

Altitude  . 

Electrical  Specifications 

Transponder  90662-2 

Nominal  input  frequency  450  me 

Input  frequency  range  430  -  470  me 

Nominal  output  frequency  900  me 


Power  Amplifier  90688 
900  me 

860  -  940  me 


40  F  to  130  F 

At  least  15  g  in  three  planes 

2 

Combination  random  0. 1  g  /cps,  10  to  1000 
cps  --  plus  sine  3.5  g  rms ,  10  to  2000  cps 
15  min/plane 

0  ft  to  3,800,000  ft 


900  me 


Power  output  capability 
Spurious  radiation 
Sensitivity 


25  mw 


0.2 


4  w 

86  db  below  max  output 


Stability 

Input  impedance 

Output  impedance 

Input  signal  vs  out¬ 
put  power 

Noise  bandwidth 
Telemetry  outnut 

Input  voltage 
Input  current 
Input  VSWR 
Doppler  range 


Limited  only  by 
ground  transmitter 

50  Q  nominal 

50  Q  nominal 

0-pv  input 
l.5-pv  input 
3'pv  input 

2rj  to  300  kc 

0  -  3  V  dc  corres¬ 
ponds  to  0  •  100 
pv  signal  input 

27  -  H  V  dc 

-4 1 0  ma 

2 : 1  maximum 

teo  kc 


50  Q  nominal 

50  C  nominal 

500-idw  output  (max) 
1.3-w  output 
4-w  output  (min) 


27  -  31  v  dc 
1 .  1  amp 


Mechanical  Specifications 


Mounting  dimensions 

Length 

Width 

Height 


Transponder  Power  Amplifier  Ck)rabination 
90662-2  9068^  _  90710-2 


6-l/R  in. 
4-1/2  in. 
2-5/0  in. 
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8-9/16  in, 
5  in. 

3-1/8  in. 


Mechanical  Specifications  (Contd) 


I 


Transponder 

90662-2 

Power  laplifler 
90688 

Combination 

90710-2 

Volume 

70  cu  in. 

130  cu  in. 

200  cu  in. 

Weight 

lb 

6^  lb 

10  lb 

Connections 

Input 

TNC  (F) 

TM  (F) 

TNC  (F) 

Output 

TM  (F) 

TNC  (F) 

TNC  (F) 

Mounting  Solid  to  heat  sink  surface  using  #10 

Allen-Head  bolts  and  floating  anchor  nuts. 

Housing  Filled  with  dry  gas.  Pressurized  to  25 

psi  during  test.  Gold-plated,  cast- 
aluminum  alloy. 
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The  missile  transponder  is  a  transceiver  capable  of  receiving  and 
transmitting  at  the  same  time  on  the  same  antenna.  The  transponders  used 
for  UDOP  receive  the  signal  from  the  ground  transmitter,  amplify  and  double 
the  received  .fiCquency  and  retransmit  the  doubled  signal  to  the  ground 
receivers.  There  are  several  different  types  of  transponders  available. 

The  block  diagram  in  Figure  3*29  is  a  representative  transponder  but  does 
not  necessarily  represent  any  particular  model. 

Referring  to  the  block  diagram,  the  two  antennas  are  180^  out  of 
phase.  One  antenna  is  to  receive  the  transmitter  signal  Fm  modified  by  a 
doppler  shift  F*.  This  received  frequency  goes  through  a  duplexer,  %diich 
is  used  to  separate  the  antenna  input  signal  from  the  antenna  output  signal, 
lue  duplexer  allows  reception  and  transmission  at  the  same  time  over  the 
cross* slotted  UDOP  antenna.  The  received  signal  goes  to  a  preselector,  and 
the  signal  to  be  transmitted  comes  from  an  RF  amplifier. 

The  frequency  at  the  output  of  the  RF  anq>lifier  is  430  me  Hh  the 
Doppler  shift  resulting  from  the  radial  velocity  of  the  missile  with  respect 
to  the  ground  transmitter.  A  local  oscillator  in  the  transponder  generates 
a  frequency  of  70  me  which  is  multiplied  six  times  to  become  420  me.  This 
frequency  and  the  received  signal  are  heterodyned  in  a  mixer  resulting  in  a 
difference  frequency  of  30  me  ±  the  Doppler  shift.  This  signal  is  amplified 
through  several  stages  and  then  doubled  in  a  doubler  circuit.  The  output  of 
the  doubler  circuit  will  be  60  roc  ±  twice  the  doppler  shift.  After  further 
amplification,  the  signal  is  again  heterodyned  in  a  mixing  circuit.  The 
heterodyning  frequency  is  an  840  me  signal  resulting  from  doubling  the  420  me 
signal  used  in  the  first  mixer.  The  output  of  the  second  mixer  is  the  sum  of 
the  two  input  frequencies  and  consequently  will  be  900  me  +  twice  the  Doppler 
shift.  This  signal  is  now  twice  the  received  frequency  or  2F*.  This  signal 
now  goes  to  the  final  power  amplifier,  then  through  the  duplexer  which  pre* 
vents  it  from  being  fed  back  through  the  receiver.  In  this  transponder,  the 
output  is  fed  through  a  9:1  power  splitter  which  delivers  the  power  in  a  9:1 
ratio  to  t'ne  two  antennas.  One  of  the  antennas  is  used  mainly  %diile  the 
missile  is  on  the  pad  and  during  vertical  flight,  and  the  other  is  used  after 
the  missile  pitches  over  and  is  at  longer  ranges.  The  longer  range  antenna, 
therefore,  receives  nine  tiroes  as  much  power  as  the  shorter  range  antenna. 


It  might  be  pointed  out  here  that  two  methods  of  frequency  conversion 
are  used  in  the  transponder  and  are  also  used  in  the  receivers.  These  two 
methods  are  heterodyning  and  frequency  multiplication.  The  UDOP  signal 
might  be  considered  as  having  two  components;  a  carrier  frequency  and  the 
intelligence  it  is  Intended  to  convey  *  in  this  case,  the  Doppler  change 
in  frequency.  In  most  cases,  it  is  desired  to  change  the  frequency  of  the 
carrier  only.  Heterodyning  is  used  for  this  purpose.  The  frequency  of  the 
signal  coming  from  a  heterodyning  circuit,  or  mixer,  contains  four  components; 
the  two  input  frequencies,  the  sum  of  these  two  frequencies,  and  the  difference 
bet%#een  these  two  frequencies.  By  making  the  output  circuit  resonant  to  the 
difference  frequency,  the  carrier  frequency  can  be  reduced  without  affecting 
the  frequency  of  the  information  it  carries.  In  fact,  if  the  heterodyning 
frequency  is  exactly  equal  to  the  carrier  frequency,  only  the  information 
frequency  will  be  left.  Likewise,  the  carrier  frequenc  can  be  raised  by 
using  an  output  circuit  tuned  to  the  sum  of  the  carrier  and  heterodyning 
frequencies. 
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On  the  other  hend,  a  multiplier  circuit  multiplies  the  total  fre- 
ouency  coming  into  it.  The  output  circuit  will  contain  several  harmonics 
of  the  input  frequency  and  if  it  is  desired  to  double  the  frequency,  the 
output  circuit  will  be  made  resonant  to  the  second  harmonic  of  the  **«®i'*® 
li^t  signal.  The  output  circuit  of  a  triplet  will  be  tuned  to  the  third 
himnlc.  etc.  There  is  a  limit  to  multiplication  in  this  manner  in  a 
single  stage,  because  the  harmonics  get  weaker  as  the  order  Increases. 

In  the  transponder,  the  first  frequency  conversion  is  done  by 
heterodyning  in  order  to  reduce  the  carrier  frequency,  without 
the  Doppler  shift,  to  a  frequency  that  can  easily  be  amplified.  The 
dopplM  wavelength  at  this  point  is  based  on  the  450  me  transmitter  fre 
quency.  However,  the  doppler  wavelength  rhai  is  desired  is  the  wavelength 
at  the  receivers,  which  is  based  on  the  900  ..c  reference 
one  half  that  transmitted  to  the  missile.  Therefore, 

must  also  be  doubled  along  with  the  carrier  frequency.  This  is  done  in  a 

doubler.  The  carrier  frequency  must  now  be  raised  to  900  m 

Ing  the  doppler  frequency  so  heterodyning  is  again  used.  In 

i-li  diffewnce  between  the  carrier  and  the  heterodyning  signal  is  obtained 

Sile  in  tKcond  mixer  the  ^  of  the  carrier,  which  is  now  twice  t^ 

frequency  obtained  from  the  first  mixer,  and  the  heterodyning 

is  ^ce  the  frequency  of  the  first  heterodyning  frequency,  is  obtalMd.  In 

this  way,  phase  coherence  between  the  received  signal  and  the  tranraltted 

signal  is  maintained  and  the  doppler  frequency  shift  is  in  terms  of  the 

900  me  reference  frequency. 

For  a  view  of  the  relative  placement  of  the  UDOP  transponder  within 
the  re-entry  vehicle,  see  Figure  3-30. 


Figure  3-30  UDOP  Transponder  i  .  ^  ^i:;on  Within  Re-entry  Vehicle 
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THE  UDOP  RECEIVER 


'V 


In  the  existing  UDOP  System^  two  receiver  configurations 
are  used.  The  basic  receiver  configuration  is  called  the  Standard 
receiver  (Resdel  Model  #90191-1).  The  other  receiver  used  is 
known  as  the  phaselock  receiver  and  is  made  up  of  the  Standard 
receiver  and  two  phaselock  converters.  Since  both  receivers  con¬ 
tain  a  Standard  receiver^  we  will  only  discuss  the  phaselock 
receiver  in  this  section. 

The  use  of  a  UDOP  UHF  Phaselock  Converter,  Resdel  Model 
#90315-1,  and  a  UDOP  VHP  Phaselock  Converter,  Resdel  Model  #90694, 
in  conjunction  wiUi  a  Standard  UDOP  Ground  Receiver  provides  a 
dual  phaselock  receiver  of  excellent  sensitivity  and  flexibility 
capable  of  tracking  the  low  level  signals  encountered  in  space 
vehicle,  satellite,  and  missile  applications. 

This  dual  channel,  d\ial  conversion  receiver  employs  phase- 
locked  oscillators  in  both  the  reference  channel,  which  is  tunable 
between  47.7  adn  53.4  me,  and  the  data  channel  which  covers  860  to 
962  me.  Bandwidth  switching  can  be  accomplished  in  either  channel 
during  operation  without  degradation  or  loss  of  signal. 

The  UHF  and  VHF  Sections  are  independent  with  doppler  infor¬ 
mation  obtained  by  comparing  the  outputs  of  the  two  voltage  con¬ 
trolled  first  local  oscillators.  In  order  to  provide  phase 
coherence,  the  second  local  oscillator  and  the  reference  oscillator 
are  common  to  each  channel. 

The  basic  phaselock  loop  in  each  channel  consists  of  a  mixer, 
a  phase  comparator,  a  filter  compensator  with  DC  amplifier,  and  a 
voltage  controlled  oscillator.  Except  for  the  frequencies  involved 
and  the  loop  constants,  the  loops  are  the  same. 

A  simplified  block  diagram  of  the  UDOP  servo  loop  is  shown 
in  Figure  3-31. 

A  block  diagram  of  the  phaselock  receiver  is  sho%m  in 
Figure  3-32. 
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e.  JiW 


Electrical  characteristics  of  the 
are  as  follows: 

UHF  SECTION 

Input  Frequency 

Input  Impedance 

Input  Noise  Figure 

IF  Bandwidth 

Doppler  Tracking  Range 

Manual  Acquisition  Range 

Doppler  Output 

Balanced  Output 

Unbalanced  Output 

Frequency  Response 

Bandwidths  (Selectable) 

S/N  =  1.0 

20  cps 

50  cps 

100  cps 

Sensitivity,  S/N  =  1,0 
20  cps 
50  cps 
100  cps 


dual  channel  phaselock  receiver 

860  -  962  me 
50  ohms  nominal 
10  db  maximum 
1000  cycles 
472  KC 
>472  KC 

500  ohm  2.8  VRMS 
100  ohm  3.5  VRMS 
-3  db  at  70  KC 

S/N  10.0 
70  cps 
140  cps 
230  cps 

-147  dbm 
-143  dbm 
-140  dbm 
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Acceleration  Capabilities 

Bandwidth  Setting  S/N  *1.0 

20  cps  -^60  ft. /sec. ^ 

50  cps  --  400  ft./sec.^ 

100  cps  1500  ft. /sec. 

Capture  Range,  S/N  10.0 

20  cps  .-w  1000  cps 

50  cps  2000  cps 

100  cps  3000  cps 

VHF  SECTION 


S/N  ^  10.0 
780  ft./sec.^ 
3120  ft. /sec. ^ 
8400  ft./sec.^ 


Input  Frequencies 
Input  Impedance 
Input  Noise  Figure 
IF  Bandwidth 

Acceleration  Capabilities 
10  cps 
30  cps 
100  cps 

Tracking  Range 

Manual  Acquisition 
Tuning  Range 


47.7  -  53.4  me 
50  ohms 
6  db 

6000  cycles 
S/N  =  1.0 
-^300  ft./sec.^ 

—  2700  ft. /sec. ^ 
>10,000  ft. /sec. ^ 
+5000  cycles 

y  +5000  cycles 
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Balanced  Output  -^3.0V  nns  into  500  ohm 
Single  Ended  Output  ^3.5V  ms  Into  100  ohm 
Frequency  Response  3  db  at  70  KC 


Sensitivity,  S/N  =1.0 
Bandwidth 

10  cps  *154  dbm 

30  cps  *150  dbm 

100  cps  *145  dbm 

Capture  Range,  S/N  ^  10,0  >1000  cycles 


73 


I 


THE  UDOP  DOWNRANGE  DATA  HANDLING  SYSTEM 


For  real  time  support  purposes,  UDOP  has  a  data  handling  system  which 
feeds  data  to  the  IBM  7094  con^uter  at  Cape  Kennedy.  This  data  handling  system 
Is  composed  of  four  basic  parts,  each  of  %diich  will  be  explain*=*d  fully  in  this 
chapter. 

The  doppler  data  from  the  UDOP  receiver  sites  is  transmitted  over  Gates 
data  links  to  the  central  recording/digitizer  facility  at  Bassett  Cove.  Here 
the  data  is  fed  into  tracking  filters  to  reduce  its  noise  content  and  then  into 
the  digitizer  Itself.  The  digitizer  counts  the  doppler  cycles  from  each  eite 
at  the  rate  of  ten  san^les  per  second  and  feeds  its  counts  into  the  Collins 
AN/GSC-4  data  transmission  system.  The  Collins  data  receiver  is  located  at 
the  impact  predictor/7094  computer  facility  at  the  Cape.  The  receiver  takes 
the  data  fed  up  the  subcable  and  feeds  it  Into  the  Format  Converter >  which 
sets  it  up  for  reduction  by  the  7094  computer.  For  post  flight  reduction 
purposes  the  data  handling  chain  is  also  used,  but  in  a  slightly  altered 
form. 


The  Down  Range  UDOP  System  employs  six  Model  VIIIB,  Interstate  Track¬ 
ing  Filters  (See  Figure  4-1).  The  tracking  filters  are  in  the  data  path 
between  the  data  link  receivers  and  the  UDOP  Digitizer  during  c  real  time 
operation.  For  tape  playback  of  post  flight  UDOP  data  the  tracking  filters 
are  used  between  the  /^snpex  FR-114B  Analog  Recorders  and  the  Digitizer. 

The  tracking  filters  remove  much  of  the  undesired  noise  that  is  added 
to  the  UDOP  data  by  the  FM  data  links.  The  tracking  filters  also  provide  a 
rather  constant  output  level  over  the  operating  range  for  the  digitizer.  A 
single  tracking  filter  is  used  in  the  input  data  path  of  the  DARE  system. 

The  general  description  and  specifications  are  included  for  the  tracking 
filters.  The  six  tracking  filters  used  in  real  time  are  similar  to  that  in 
DARE  except  for  wider  bandwidth  settings.  For  the  tracking  filters  used  Down 
Range,  the  bandwidth  settings  are  as  follows: 


Tracking  Bandwidth 

10  cps 
23  cps 
30  cps 
100  cps 
130  cps 
300  cps 


Minimum  S/N  Ratio 

-32  db 
-28  db 
'25  db 
-22  db 
-20  db 
-17  db 


Also  included  in  this  section  are  noise  bandwidth  curves  and  a  block 
diagram  of  the  Model  VIIIR  Tracking  Filter.  (See  Figure  4-2,  4-3  and  4-4). 


DESCRIPTION: 


The  purpose  of  tracking  filter  equipment  is  to  reduce  the  noise  bandwidth  of 
a  noisy  Doppler  signal.  A  tracking  filter  is  essentially  a  bandpass  filter 
whose  center  frequency  is  made  to  track  a  Doppler  signal  frequency  automat¬ 
ically.  The  bandwidth  is  narrow  relative  to  the  input  signal  bandwidth  and 
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Figure  4  -1  Tracking  Filter 
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A.  FOR  MANUAL  LOCK-ON 

B.  FOR  AUTCWATIC  LOCK-ON 


20  40  60  80  100  120 

INPUT  NOISE  BANDWIDTH,  KC 


2  RECOMMENDED  INPUT  SIGNAL  PLUS  NOISE  VOLTAGE 


;„s 


N»  Oi  00  to  Oi  00 


FIG.  4-3  THEORETICAL  NOISE  BANDWIDTH  AS  A  FUNCTION  OF 
LOOP  GAIN 
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can  be  manually  changed,  even  during  actual  Cracking.  This  equipment  was 
designed  for  general  real  time  use  in  C~U  Doppler  Systems. 

Acquisition  of  the  input  signal,  i.e.  ,  phase-'lock,  can  be  effected 
either  automatically  or  manually.  In  the  automatic  acquisition  mode  the 
operator  manually  sets  the  controls  to  automatically  sweep  a  preset  band 
about  a  preset  center  frequency.  Phase- lock  then  takes  place  automatically 
i#henever  a  signal  is  present  within  the  selected  band.  The  operator  may 
alternately  provide  manual  frequency  sweep  instead  of  automatic,  but  still 
utilize  the  feature  of  automatic  loop  closure. 

In  manual  operation  the  operator  manually  searches  the  frequency 
spectrum  of  interest.  Then  by  utilizing  the  aural  and/or  visual  aids 
provided,  he  can  manually  close  the  tracking  loop  %dien  a  successful  lock-on 
appears  probable. 

A  memory  system  is  employed  which  ’’remembers"  the  last  known  frequency 
in  event  of  the  dropout  of  the  input  signal.  If  the  automatic  s%7eep  feature 
is  being  used,  the  s%#eep  will  be  centered  about  this  last  kno%/n  frequency. 

A  tracking  filter  consists  of  the  following  two  units: 

Tracking  Filter  Chassis  8-3/4  by  19- inch  panel 

Po%#er  Supply  Chassis  8-3/4  by  19- inch  panel 

Controls  are  conveniently  located  according  to  the  degree  of  anticipated  use, 
and  are  divided  into  three  types:  (1)  front  panel  controls,  all  of  which 
must  be  used  in  actual  operation;  (2)  calibration  controls  which  may  require 
occasional  adjustment;  and  (3)  controls  which  provide  circuit  calibrations 
and  adjustments  which  do  not  normally  require  frequency  re- setting. 

SPECIFICATIONS : 


( I )  General 


System 


Input  Frequency 
Input  Level 


Phase- lock  loop  with  correlated  ACC. 
Manual  or  automatic  frequency  sweep 
system  for  signal  acquisition. 

100  cps  to  120  kc. 

Approximately  0.5  volt  rms. 

(See  Figure  7) 


Tracking  or  Information  Adjustable  to  2.5,  5,  10,  25,  50  or 

Bandwidth  100  cps. 


Tracking:  Bandwidth.  B 

Minimum  S/N  Ratio 

Minimum  S/N  ratio  in 

2.5  cps 

-38  db 

120  kc  input  noise 

5  cps 

-35  db 

bandwidth  based  on  1/3 

10  cps 

-32  db 

radian  rms  tracking 

25  cps 

-28  db 

error. 

50  cps 

-25  db 

100  cps 

-22  db 
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Signal  Acquisition  Automatic  or  manual. 

Sweep  Time  (Automatic)  Adjustable  to  10,  3,  1,  0.3,  or 

0.1  seconds. 

Sweep  Rate  (Automatic)  (Bandwidth)^  cps/second  (Depends  on 

bandwidth  setting) 

Memory  Circuit  Last  known  frequency  retained  if  signal 

drops  out.  If  in  automatic  acquisition 
mode,  automatic  s%ieep  resumes,  centered 
about  last  known  frequency. 

Power  Requirements  105-125  vac,  50-60  cps;  approximately 

300  %iatts. 

Size  (Including  Power  Rack  Mounting  -  19  x  17-1/2  by  17  inches 

Supply  Chassis)  deep.  Slide  tilt  hardware. 


(2)  Outputs 

Doppler  Signal 

Frequency 

Level 

Impedance 

Analog  Frequency 

Level 

Impedance 

Linearity 

Correlation  Output 

Level 

Impedance 

Bandwidth 

Correlation  Relay 

Purpose 

Rat ing 


100  cps  to  120  kc 
1  volt  rms  minimum 
Less  than  500  ohms 


0  to  -40  volts  for  0  to  120  kc 
Less  than  500  ohms  (1  ma  maximum) 
37c  full  scale 


-4.0  volts  for  1007.  correlation 
6000  ohms 

i\pproxiinately  same  as  tracking  bandwidth  (B) 


Provides  contacts  for  external  circuitry 
to  indicate  tracking 
2  amps,  SPOT 
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Correlated  Detector,  Amplitude  Modulation 


Purpose 

Bandvidth 

liQpedance 

Level 


To  detect  AM  on  carrier 
Adjustable;  I,  3,  10,  30  and  60  kc 
Less  than  500  ohms 

Adjustable,  0  to  2  volts  rms  for  307* 
modulation 


Correlated  Detector,  Phase  ^todulation 


Purpose 

Bandwidth 

Impedance 

Level 


To  detect  PM  on  carrier 
Adjustable;  I,  3,  10,  30  and  60  kc. 
Less  than  500  ohms 

Adjustable,  0  to  2  volts  rms  for  0.3 
radian  modulation 


Phone  Jack 

Purpose 

Xii|>edance 

Level 


Aural  aid  for  noisy  signal  acquisition 
Less  than  500  ohms 

Adjustable,  zero  to  audible  for  minimum 
input 


Phase  Detector  Monitors  (2) 


Purpose 

Impedance 

Level 


Visual  aid  for  noisy  signal  acquisition 
(requires  DC  oscilloscope) 

0. 5  megohm 
0.  5  v  minimum 


Reference  Crystal  Oscillator  Output 


Frequency 

Level 

Impedance 

VCO  Output 

Frequency 

Level 

Impedance 

/uiC  Output 

Purpose 

Level 

Impedance 


262  kc 

Approximately  4  volts 
Less  than  500  ohms 


262  kc  to  382  kc 
Approximately  4  volts 
Less  than  500  ohms 


Provides  a  measure  of  input  signal  level 
when  calibrated 
0  to  -!0  volts  (approximately) 

Less  '»an  500  ohms  (1/2  ma  maximum) 
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(3)  Front  P*nel  Indicators 
Frequency  Meter 

Range  0  to  120  kc 

Linearity  +  37® 

Correlation  Meter 

Range 

Memory  Lamp 
Correlation  Lamp 

(4)  Front  Panel  Controls 
Set  Frequency 
Bandwidth  Switch 
Acquisition  Switch 
Sweep  Time  Switch 
Frequency  (Meter)  Balance 
Memory  Erase  Button 

AGC  Time  Constant  Switch 
AM,  cutoff  frequency 
AM,  output  level 
PM,  cutoff  frequency 
PM,  output  level 
Phones,  output  level 

(5)  Top  Chassis  Controls 
Calibrate  Switch 

Phase  Detector  Monitor  Switch 

There  are  six  tracking  filters  used  in  the  Down  Range  UDOP  system. 
Whether  the  input  doppler  signal  is  from  tape  or  directly  from  the  data 
link  receivers,  the  tracking  filter  is  patched  into  the  appropriate  data 
channel,  and  fed  to  the  UDOP  digitizer.  The  tracking  filters  have  an  output, 
the  correlation  relay,  which  activates  the  associated  indicator  on  the  loss-of- 

lock  indicator  panel,  and  also  generates  an  indication  to  the  digitizer  as 
flag  in  the  data  train.  (See  Figure  4-5). 


0  to  150  units  (100  normal) 

Memory  is  in  operation  %ihen  light  is  lit 
Correlated  tracking  when  light  is  lit 
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Figure  4-5 


Loss-of-Lock  Indicator  Panel 
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The  UDOP  digitizer  is  a  6-channel  frequency  counter.  Unlike  an  ordinary 
frequency  counter,  ho%pever,  the  digitizer  resolves  any  input  frequency  within 
its  limits,  to  ±  100  nanoseconds.  The  input  frequency  limits  are  3  KC  to 
72  KC.  The  digitizer  operates  at  two  sampling  rates;  10  samples  per  second 
and  20  samples  per  second.  At  either  rate  the  data  is  similar,  as  is  the 
resolution  and  the  format.  For  real  time  use  the  digitizer  operates  at 
10  san^les  per  second. 

In  functional  terms,  the  digitizer  counts  whole  cycles  of  an  input 
signal,  which  can  best  be  described  as  frequency  coun  ^ng.  For  every  zero¬ 
crossing  of  a  sinusoid  or  other  waveform  the  digitizer  adds  a  count  of  one 
to  its  whole  cycle  count.  To  resolve  the  small  increment  of  time  between 
the  last  zero-crossing  and  the  end  of  a  sample  period,  the  digitizer  goes 
into  a  method  of  time  measurement  (period).  This  is  accomplished  by  count¬ 
ing  the  number  of  10  MC  pulses  occurring  between  the  last  zero-crossing  and 
the  end  of  a  data  sample.  (See  section  for  digitizer  arithmetic) 

In  addition  to  counting  frequency  the  digitizer  decodes  the  range 
time  signal,  senses  for  lock-unlock  of  the  tracking  filters  and  feeds  the 
Collins  AN/GSC-4  data  transmitter.  Many  other  functions  are  performed  by 
the  digitizer  as  noted  in  Figure  4-6  and  Figure  4-7. 

The  critical  area  of  digitizer  performance  is  the  time  sequence  of 
events,  both  internal  to  the  digitizer  and  external  to  other  units.  For 
this  purpose  the  digitizer  contains  a  10  MC  clock  stable  to  2  parts  in  10° 
over  a  12  hour  period. 

The  10  MC  clock  is  the  heart  of  the  digitizer,  performing  all  counting, 
timing  and  sequencing  functions  through  a  timing  generator.  All  strobe  pulses 
that  cause  any  digital  operation  within  the  machine  are  coherent  with  the 
10  MC  clock.  Even  AMR  range  time  is  not  directly  used  as  an  input  signal, 
although  the  capability  exists.  Range  timing  signals  are  sampled  for  coinci¬ 
dence  with  internal  timing  signals  and  a  flag  is  used  in  the  data  to  indicate 
timing  agreement.  Actual  timing  agreement  occurs  by  coincidence  of  external 
and  internal  10  PPS  signals. 

The  complete  digitizer  is  housed  in  a  single  EMCOR  rack.  (See 
Figure  4-8).  The  circuitry  is  all  solid  state.  (See  Figure  4-9).  All 
controls  are  easily  manipulated  by  the  combination  indicator/switch  buttons 
on  the  front  panel.  As  an  example,  any  test  pattern  can  be  generated  for 
any  word  or  part  of  a  word  in  the  data  format  merely  by  putting  the  digitizer 
in  test  and  depressing  the  appropriate  indicator  switch. 

There  is  only  one  fixed,  internal  test  pattern.  This  is  the  alternate 
1-0  pattern  used  in  the  range  time  decoder.  All  other  test  patterns  are  set 
by  the  operator. 

The  indicator  lights  represent  pure  binary  numbers  and  are  labeled  in 
binary.  Other  indications  presented  at  the  front  are: 
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no.  4-6  DKHTIZER  SYSTEM  INTERFACE 


to 
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Figure  4-8  Digitizer  and  Control  Assembly 
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Figure  4-9 


Digital  Circuit  Card  Assemblies 
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1)  T«tt  or  oporoto* 

2)  Input  Bonitor 

3)  Parity  for  all  sub  uorda 

4)  Ranga  tlac 

5)  Timing  input 

6)  Internal /external  synch* 

7)  Timing  shift/set* 

8)  Pomer* 

9)  Tape  record* 

10)  Tape  remind* 

11)  Tape  drive* 

12)  Tape  stop* 

13)  Master  operate/test  switch* 

14)  5760  bit  rate  indicator 

13)  2880  bit  rate  indicator 

16)  100  KC  referi^nce  indicator 

17)  frame  rate  indicator 

Those  functions  suffixed  with  an  (*)  are  both  indicator  and  switch. 
Each  of  the  six  channels  has  13  idiole  cycle  indicators »  11  previous  cycle 
indicators*  and  11  partial  cycle  indicators.  Each  indicator  doubles  as  a 
switch  idien  in  the  test  mode. 


The  13  bits  in  the  whole  cycle  counters  will  allow  no  higher  than  a 

8192  count  in  any  sample.  2048  is  the  maximum  count  allowable  in 

the  previous  and  partial  cycle  coitnters.  These  numbers  determine  the  digi* 
tixer  limits  as  follows: 

The  design  limit  for  upper  doppler  frequency  is  72  KC.  For 
1/10  second  this  frequency  would  generate  a  count  of  7200  in 
the  whole  cycle  counter.  Therefore,  a  maximum  count  capability 
of  8192  is  sufficient.  For  the  previous  and  partial  cycle  counters, 
(which  measure  period),  the  longest  single  cycle  or  lowest  frequency 
is  5  KC.  The  period  of  a  5  KC  signal  is  .0002  seconds  or  200  usees. 
Using  10  MC  pulses  to  count  this  200  usee  period,  2000  pulses  could 

occur.  The  11  bit  previous  and  partial  cycle  counters  can  count  to 

2048,  which  is  within  limits. 

Figure  4-6  shows  the  Inputs  and  outputs  of  the  UDOP  digitizer  and  their 
relationship  to  the  other  equipment. 

Figure  4-7  shows  the  sub- assemblies  that  make  up  the  digitizer  and  the 
interrelationships  between  sub-gro\ips.  For  a  detailed  explanation  of  each 
sub-group  see  the  technical  training  manual,  DRS-137. 
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DIGITIZER  ARITlflETIC: 


The  following  shows  how  the  digitizer  converts  doppler  signals  to  an  exact 
frequency. 

Each  of  the  six  digitizers  accumulates  data  during  the  sampling 
period  in  three  forms  termed  whole  cycle  count,  previous  cycle  count,  and 
partial  cycle  count.  The  saxopling  period  is  the  saaie  as  the  multiplexer 
frame  period  and  is  either  100  or  50  milliseconds  determined  by  the  bit 
rate  selected  on  the  AN/GSC-4  data  modem. 


At  the  end  of  each  sampling  period,  the  data  is  held  in  storage 
until  the  proper  time  during  the  multiplexer  cycle  %ihen  it  is  read  out. 
Whole  cycle  count  is  a  count  of  zero  axis  crossings  in  the  negative 
direction  of  the  sinusoidal  doppler  signal  from  the  tracking  filter  during 
the  100  and  50  millisecond  frame  period.  Refer  to  figure.  Previous  cycle 
count  is  a  count  of  10  megacycle  pulses  occurring  during  the  last  complete 
doppler  cycle  before  the  end  of  the  sampling  period.  Partial  cycle  count 
is  a  count  of  10  megacycle  pulses  occurring  in  the  fraction  of  a  complete 
doppler  cycle  before  the  end  of  the  sample.  Since  the  sample  width  is 
very  accurate,  frequency  during  a  sample  can  be  determined  by  the  follo%r 
ing  formula: 


SAMPLING  PERIOD  1 


SAMPLING  PERIOD  2 
100  or 
50  MS 


SAMPLING 
PERIOD  3 


PREVIOUS  CYCLE  1  (PREC) 
PARTIAL  CYCLE  1  (PARC) 


PREVIOUS  C'.  2 

PARTIAL  CYCLE  2 


WHOLE  CYCLE  COUNT  (WCC)  »  Nl^MBER  OF  CROSSOVERS  IN  100  OR  50  MS 


FD  =  WCC  -  1  +  1  -  I  ^  PARC  2 

PREC  1  PREC  2 

AND  SO  FOR  CONSTANT  FREQUENCY,  PREC  1  *  PREC  2 


FD  *  WCC  ^  PARC  2  -  PARC  1 
PREC  2 

OFFSET  18  KC  =  0  VELOCITY 

DOPPLER  18  KC  =  MISSILE  RANGE  DECREASE 

DOPPLER  18  KC  =  MISSILE  RANGE  INCREASE 


DOPPLER  ARITHMETIC  FOR  CONSTANT  FREQUENCY 


WHOl  t  (  YCLf  COUNT  NO  i  r«E  V'OUS  C  '-(.Lt  COUNT  Nt 


I 

1 

2 

The  digitiser  scans  all  coimters;  6  previoiss  cycle  counters,  6  par¬ 
tial  cycle  counters  and  6  whole  cycle  counters,  as  well  as  the  range  tiae 
decoder,  all  fixed  data  switches,  and  19  parity  flip-flops,  loads  the  coa- 
posite  data  into  the  aultiplexer,  and  then  sequences  the  data  out  serially 

I  to  the  AN/GSC-4  at  the  proper  bit  rate.  The  format  of  the  data  is  fixed 
in  the  aultiplexer  to  generate  the  data  as  shown  in  Figure  4-10.  Eight 
36-bit  %iords  are  the  result,  for  a  total  of  288  bits  in  each  data  sample. 

The  Collins  AN/GSC-4  Data  Modem  is  the  means  used  to  transfer  the 
UDOP  data  froa  Bassett  Cove,  GBI,  to  the  impact  predictor  facility  at 
CKMIA.  After  digitization,  the  UDOP  data  is  fed  serially  to  the  AN/GSC-4 
for  signal  conditioning  and  such  aanipulation  as  necessary  to  insure  proper 
transfer  of  data  over  the  subaarine  cable  without  degradation  due  to  path 
characteristics.  A  series  of  photographs  of  the  AN/GSC-4  are  shown  in 
Figures  4-11  through  4-13. 


The  following  is  a  brief  description  of  how  the  AN/GSC-4  converts 
serial  digital  information  to  transmissible  FM  tone  bursts  and  back  again 
to  serial  digital  information. 

A  general  block  diagram  of  the  AN/GSC-4  is  included  as  Figure  4-14 
and  Figure  4-15. 

The  AN/GSC-4  is  a  phase-shift  keyed  system  (PSK).  Without  referring 
to  timing  and  sequencing,  assume  18  binary  bits,  in  any  configuration  are 
loaded  into  the  input  serial/parallel  (S/P)  shift  register.  As  soon  as  a 
full  18  bits  has  been  clocked  in,  the  18  bits  are  broken  up  into  six  3-bit 
groups.  Each  group  feeds  a  phase  generator  at  a  particular  frequency.  The 
six  frequencies  are : 

935  cps 
1375  cps 
1815  cps 
2255  cps 
2695  cps 
3135  cps 

Assume  now  that  the  phase  generator  (oscillator)  is  perfectly  phase  stable 
and  is  oscillating  at  935  cps.  Now,  the  following  3  bits  of  binary  infor¬ 
mation  come  in:  010.  The  phase  generator  now  shifts  phase  backwards  by 
112.5  degrees.  The  oscillator  is  still  operating  at  935  cps,  but  its  wave 
form  now  lags  what  it  was  by  112.5  degrees.  The  phase  generator  will  remain 
in  this  state  until  shifted  again.  Now  let  us  assume  that  the  next  group  of 
bits  has  been  loaded  into  the  S/P  register  and  the  bit  configuration  for  the 
935  cps  phase  generator  is  now  111.  This  means  that  the  phase  generator 
will  now  shift  backwards  (lag)  by  202.5  degrees,  and  remain  that  way  until 
>  a  third  se*^  of  data  comes  in.  This  process  continues  as  long  as  the  equip- 

C  ment  is  lett  on.  See  Figure  4-16  for  a  digital  to  phase  relationship. 

2  The  process  cited  above  occurs  simultaneously  in  six  phase  generators 

I  operating  at  the  frequencies  listed.  The  outputs  of  all  six  phase  generators 

o  are  mixed  together  and  heterodyned  do%m  to  the  frequencies  needed  for  the 

communications  path  in  use. 
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These  frequencies  are  not  the 
actual  phase  generator  fre¬ 
quencies,  but  are  the  results 
after  heterodyning. 
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In  addition  to  the  proceaa  above »  the  output  signal  is  further 
sKHlulated  by  a  160  cps  sine  wve»  once  every  minute  for  a  period  of  five 
seconds.  This  is  the  laethod  of  synching  the  time  base  of  the  data  tranmitter 
vith  the  time  base  of  the  receiver.  Synching  does  not  use  up  valuable  data 
space  in  the  actual  messages. 

In  the  All/GSC-’4  Receiver,  the  exact  reverse  of  mhat  occurred  in  the 
transmitter  takes  place.  (See  Figure  4-15).  The  incoming  composite  signal  is 
heterodyned  up  to  workable  frequency.  The  output  of  the  receive  heterodyne 
then  drives  six  pairs  of  keyed  filters<  Each  pair  of  keyed  filters  is  frequency 
tuned  to  a  corresponding  phase  generator  in  the  transmitter.  Using  the  same 
example  as  before,  the  first  burst  of  energy  at  933  cps  is  detected  and  fed  to 
the  proper  keyed  filter  pair.  A  keyed  filter  pair  is  tvo  carefully  tuned 
mechanicr''  cavity  resonators.  One  side  of  the  933  cps  keyed  filter  is  excited 
and  oscillates  at  the  frequency  and  phase  at  which  it  was  driven.  The  next 
burst  of  energy  at  933  cps  (1  1  1}  is  fed  to  the  opposite  side  of  the  keyed 
filter  pair  from  the  previous  burst.  We  now  have  two  mechanical  resonators 
oscillating  at  933  cps.  The  second  burst,  though,  was  delayed  in  phase  from 
the  first  burst  by  202.3  degrees.  The  outputs  of  each  side  of  the  keyed  filter 
is  fed  to  a  phase  detector  which  senses  the  difference  between  the  secoiKl  and 
the  first  burst  at  933  cps.  Once  the  phase  difference  has  been  sensed,  a  3-bit 
pattern  is  set  up  at  the  output  of  the  phase  detector,  which  is  loaded  into  the 
shift  register.  In  this  manner,  each  successive  burst  of  energy  at  933  cps  acts 
as  the  phase  reference  for  the  following  burst.  The  keyed  filter  is  flipped 
back  and  forth  so  that  successive  bursts  of  energy  are  fed  to  alternate  sides  of 
the  pair. 


In  addition  to  the  phase  sensing,  the  160  cps  AM  signal  on  the  signal 
is  sensed,  and  used  to  force  the  receive  time  base  in  synchronism  with  the  trans 
mit  tism  base. 

The  AR/GSC-4  Modem  is,  in  actuality,  a  duplex  terminal.  Bassett 
Cove  and  the  impact  predictor  site  have  both  a  transmit  and  receive  capability. 
The  transmit  capability  is  used  at  Bassett  Cove,  and  the  receive  capability  is 
used  at  the  impact  predictor  site. 

There  are  many  signals  fed  into,  and  derived  from  the  AM/CSC-4. 

Some  of  these  are  data  rate,  sub- frame  synch,  reference  time  base,  etc.  These 
are  not  shown  on  the  drawings  included. 

To  date,  the  AM/GSC-4  Data  Modem  has  exhibited  unmeasurable  errors 
at  the  operating  speeds  used  in  the  UDOP  Systems.  Tvo  speeds  are  available  to 
the  UDOP  System,  2880  bits/second  corresponding  to  a  UDOP  sampling  rate  of  10 
samples /second ,  and  3760  bits/second  corresponding  to  a  UDOP  sampling  rate  of 
20  saripled/second.  The  UDOP  Digital  System  generates  288  bits  for  each  sample 
taken.  (288  x  10  ■  2880,  or  288  x  20  -  5760).  In  a  twentieth  of  a  second, 
the  full  288  bits  must  be  transmitted  by  the  AN/GSC-4.  This  is  accomplished 
as  follows:  (example  for  20  samples /second  operation). 

a)  The  I8*blt  register  must  be  loaded  16  times 
in  l/20th  of  a  second. 

b)  Each  phase  generator  tsust  operate  16  times 
in  l/20th  of  a  second. 
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c)  The  tranmit  timt  base  mist  strobe  out  the 
phase  generators  16  tiaes  in  l/20th  of  a 
second. 

All  this,  of  course,  is  accosg>lished  and  the  rate  at  idiich  the  transait  tine 
base  strobes  out  the  phase  generators  is  320  tiaes  a  second. 

For  operation  at  10  sMple s/second,  the  phase  generators  listed  as 
Nos.  1,  5  and  6  are  not  used.  The  total  data  rate  is  therefore  2880  bits/second. 
Correspondingly,  the  associated  keyed  filter  pairs.  Nos.  1,  5  and  6  are  not  used 
at  the  sloaer  data  rate.  For  real  tiae  ii^iact  prediction,  idiere  the  UDOF  Data  is 
fed  to  a  coaputer  for  coaputation  of  expected  iiqiact  point,  the  AN/GSC*4  Systea 
operates  at  2880  bits/second. 

A  liaitation  of  the  rate  used  is  the  path  over  uhich  the  tone  bursts 
are  transaitted-  The  ^ubsMrine  cable  systea  used  on  the  AM^  is  a  Western  Elec' 
trie  Type  K  Carrier  Systea,  with  severely  liaited  bandwidth  on  each  data  channel. 
Phase  delay  characteristics  of  the  data  path  can  haaper  operation  of  the  AN/GSC-4 
at  high  speed  (5760  BPS).  During  a  support  aission,  the  AM/GSC‘4  feeds  subcable 
circuit  10CC89,  Channel  6,  which  has  the  phase  delay  and  frequency  characteristics 
shown  in  Figure  4-17. 

The  UDOP  Data  Format  Converter,  designed  and  built  by  EDP  Corporation, 
is  located  in  the  Impact  Predictor  Building  at  Cape  Kennedy.  The  equipMnt  con¬ 
verts  the  UDOP  serial  data  train  output  of  the  AN/GSC-4  data  transaission  modea 
to  a  35  bit  parallel  word  input  for  the  I9f  7094  Coaputer  and  to  a  transmitted 
tone  data  signal  for  a  Lenkurt  3001  Data  Receiver  located  in  the  Technical  Lab¬ 
oratory  Data  Reduction  Area. 

As  shown  in  Figures  4-18  and  4-19,  all  circuitry  of  the  format  converter 
is  located  In  one  equipment  cabinet  which  also  contains  the  AN/GSC-4  Data  Modea 
ana  format  converter  power  supplies. 

The  format  converter  circuitry  is  contained  on  189  plug-in  cards 
located  in  7  card  files  with  27  cards  per  file.  Four  card  files,  numbered  1 
through  4,  are  mounted  in  the  tup  half  of  the  cabinet  above  the  AN/GSC-4  which 
is  designated  card  file  5.  Three  card  files,  numbered  6  through  8,  are  located 
near  the  bottom  of  the  cabinet  and  above  the  converter  power  supply  at  tVe 
bottom  of  the  cabinet. 

A  second  equipment  cabinet,  associated  with  the  converter  is  mounted 
adjacent  and  contains  an  Aapex  FR-1100  Data  Train  Playback  Tape  Deck,  playback 
NRZ  Amplifiers,  control  track  demodulator  and  capstan  power  generator.  A  con¬ 
trol  par  '1  for  the  format  converter  is  also  located  in  the  middle  of  this  cabi¬ 
net  between  the  tape  deck  and  NRZ  amplifiers. 

Format  converter  is  a  descriptive  name  for  three  related  units.  These 
units  or  sub- sections  are  the  sequencer,  IBM  Data  Register  and  Lenkurt  Data 
Storage  and  Transmitter. 

The  theory  of  operation  of  each  of  these  units  will  be  treated 

separately. 
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Figure  4-19  View  of  Format  Converter  Showing  Ampex  FR-1100  Recorder 
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Thc  sequencer  sub- sect ion  of  the  foraat  converter  performs 
the  following  functions: 

1.  Synchronizes  and  sequences  the  operation  of  the  IBM  Data 
Register  with  the  AN/GSC'4  Data  Train. 


2.  Synchronizes  and  sequences  the  op  ration  of  the  Lenkurt 
Data  Transmitter  sub- sect ion  with  the  AN/GSC-4  Data  Train, 
simultaneously  with  (1)  above. 

3.  Provides  demand  pulses  and  end  of  message  pulses  to  the 

7094  Computer. 


4.  Provides  a  vis\ial  indication  of  synchronous  operation. 


Inputs  to  the  sequencer  are  outputs  of  the  AN/GSC*4  Data 
Receiver,  IBM  7094  Computer  and  FR-1100  Tape  Playback  and 
consist  of: 


1. 

Data  Train 

(2880  bits/second  rate) 

2. 

Data  Rate 

(2880  cycles/second) 

3. 

Sub-word  rate  (160  cycles/second) 

4. 

320  cycles 

/second 

5. 

IBM  select  voltage 

Inputs  I  through  4  above,  are  switched  into  the  format  converter 
from  either  the  AN/GSC-4  or  FR-1100  by  a  switch  located  on  the 
control  panel.  This  switch  is  labeled  DTS-RP  (Data  Transmission 
System  -  Recorder  Playback). 

The  Data  Registers,  under  control  of  the  sequencer,  produce  alternate 
35  bit  parallel  words  for  the  IBM  7094  Computer  from  the  2880  bit/second  serial 
data  train.  Either  register  holds  a  33  bit  data  word  for  the  computer. 


Figure  4-20  is  a  block  diagram  of  the  sequencer  sub-section  of  the  Format 
Converter.  Each  block  of  Figure  4-20  contains  the  designations  of  circuits  used 
to  perform  the  descriptive  function  of  the  block. 


Each  input  to  the  Sequencer  is  processed  by  a  pulse  shaping  zero  crossing 
detector  circuit.  This  circuit  produces  a  positive  going  output  pulse  of  extremely 
fast  rise  tinic  for  each  negative  going  zero  axis  crossing  of  the  input  waveform. 
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FIG  4  20  SEQUENCER  EDP  FORMAT  CONVERTER 
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In  order  to  synchronize  the  input  data  train  the  first  bit  of 
each  word  is  located  and  then  bit  one  of  word  one  is  isolated.  In  the 
"Word  Locator"  circuit,  2880  cps  data  rate,  160  cps  sub-word  rate  and 
320  cps  all  from  the  AN/GSC-4  receiver  or  tape,  when  in  the  proper  phase 
will  produce  a  160  pps  output.  These  pulses  are  positive  going  at.  the 
first  and  middle  bit  of  each  word.  The  160  pps  output  of  the  *Vord 
Locator"  is  applied  to  the  "#1  Bit  Locator"  circuitry  with  the  data 
train  output  of  the  AN/GSC-4.  The  data  train  nput  to  the  circuit  is 
gated  at  the  first  and  middle  bit  of  each  wr^  .  The  fixed  bit  sequence 
of  the  data  format,  will  allow  the  bits  gated  by  the  **Word  Locator"  output 
to  provide  counting  of  ones  and  reset  of  counters  on  zeros.  Two  consecutive 
ones,  without  reset  by  a  zero,  will  produce  an  output  of  the  second  counter 
7A04-2  to  one  shot  7A02-3.  Fixed  bits  271  and  then  1  will  produce  a  pulse 
output  of  the  one  shot  at  bit  1.  The  counter  can  further  count  to  three 
when  gated  bit  19  is  a  one  but  the  following  gated  bit  37  is  always  a  zero 
and  will  reset  the  counter.  Similarly  gated  bit  55  can  be  a  one  but  the 
following  gated  bit  73  is  again  always  a  zero  and  will  reset  t^e  counters 
before  an  output  occurs.  The  same  thing  happens  in  each  word  until  bit  271, 
where  two  consecutive  ones  again  produce  an  output.  The  output  of  the  "/^l 
Bit  Locator"  is  a  short  pulse  occurring  at  the  10  pps  rate. 

In  the  "Word  Gate  Generator"  inputs  of  320  cps  from  the  AN/GSC-4  or 
tape,  160  pps  from  the  '*Word  Locator"  and  10  pps  from  the  **#1  Bit  Locator" 
produces  outputs  for  the  "Word  Register  Bit  Gate  Generators",  "6720  cps 
clock  osc."  synchronization  and  the  "Sync.  Indicator".  The  two  outputs  to 
the  ODD  and  F.VEN  "Gate  Generators"  are  40  cps,  one  output  is  negative,  during 
the  interval  of  ODD  words  and  the  other  is  negative  during  EVEN  words.  The 
output  of  the  "6720  cps  clock  osc  "  is  160  cps  through  a  monostable  (one  shot) 
to  produce  160  pps  synchronizing  pulses.  Outputs  to  the  "Sync.  Indicator"  are 
10  cps,  negative,  during  the  first  145  bits  (one  half)  of  each  data  frame  and 
80  cps,  negative  during  bits  19  through  37  and  all  following  alternate  19  bits. 

The  "Word  Gate  Dividers  and  Gates"  produce  20  pps,  negative  during 
word  1  for  the  14  bit  ODD  word  gate  generator  and  20  pps  negative  during 
word  7  for  the  "Sync.  Indicator".  These  pulses  are  produced  from  the  160  cps 
voltage  output  of  the  ’*Word  Gate  Generator"  synchronized  by  10  pps  occurring 
at  bit  1. 

The  "Synch.  Indicator"  circuit  relies  upon  the  proper  phase  relationship 
of  the  three  input  voltages  not  changing  the  state  of  a  bistable  (cross  connected 
NOR  gate). 

The  output  of  the  Synchronized  "6720  cps  clock  osc."  is  applied  to  the 
't)emand  Pulse  Divider"  with  40  cps  for  synchronization  to  produce  1680  cpe  of 
the  proper  phase.  This  voltage  is  applied  to  the  'T)emand  Pulse  Generator"  to 
produce  1680  pps  demand  pulses  for  the  IBM  7094  computer  and  to  control  the 
"End  of  Message  Generator". 
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The  "Deauoid  ?ulse  Generator"  is  controlled  on  and  off  by  a  select 
voltage  level  fros  the  conputer.  This  level  also  lights  the  select  laag) 
through  the  ’^Select  Indicator**  circuit. 

The  **End  of  Message'*  level  is  generated  in  the  "End  of  Message 
Generator"  fro»  the  1680  cps  output  of  the  "Desumd  Pulse  Divider"  and  the 
1680  pps  output  of  the  'T>eBand  Pulse  Generator".  The  output  level  is  nega¬ 
tive  ttid  applied  to  the  ODD  and  EVEN  word  gate  generators  and  dividers.  Out 
puts  of  the  'Vord  Gate  Generators  and  Dividers"  are  applied  to  the  output 
gates  of  the  and  EVEN  Word  Data  Registers. 

Figure  4-21  is  a  functional  diagraa  of  the  "Data  Registers  and  IBM 
Interface  Drivers  and  Level  Shift". 
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UDOP  DATA  REDUCTION 


UDOP  is  an  elliptical  tracking  system  i^hich  measures  the  total 
Doppler  shift  in  the  frequency  of  a  UHF  signal  transmitted  from  the  ground, 
received  at  the  missile  through  the  transponder,  doubled  in  frequency, 
retransmitted  and  received  back  at  various  ground  stations.^  UDOP  is  a 
phase- coherent  system;  consequently  the  Doppler  shift  is  dependent  on  the 
wavelength,  the  radial  velocity  of  the  missile,  and  the  index  of  refraction. 
Because  the  wavelength  of  the  transmitted  frequency  is  crystal-controlled 
with  an  ultra- stable  oscillator,  the  Doppler  frequency  is  a  function  of 
missile  radial  velocity  with  respect  to  the  transmitting  and  receiving 
sites  and  the  index  of  refraction.  3ince  refraction  effects  vary  as  the 
inverse  square  of  the  transmitted  frequency  and  UDOP  operates  at  UHF  rather 
than  VHF,  the  refraction  effects  are  essentially  negligible  for  the  gross 
measurement  required  in  the  real  time  situation,  but  do  constitute  a  major 
error  source  in  the  final  Data  Reduction  process. 


The  measurement  from  each  UDOP  receiver  is  given  in  the  form  of: 
whole  cycle  count,  previous  cycle  count,  and  partial  cycle  count  at  10 
samples /second.  See  Figure  5-1.  The  whole  cycle  count  is  the  number  of 
negative  slope  zero  crossovers  between  t j ,  tj+  I  denoted  by  W  .  The 
previous  cycle  count  is  the  number  of  ten  inegacycle  pulses  between  the 
last  two  negative  slope  crossovers  in  time  interval  t.,  t.t  1  denoted  by 
Pec*  Partial  cycle  count  is  the  number  of  ten  megacycle  pulses  between 
the  last  negative  slope  crossover  and  tj+  1  denoted  by  P^e*  The  total 
cycle  count  N  is  computed  by: 

(1)  N;  -  W,,  j  +  Fee  •  Pcc  -  1801 

^cc  i  ^cc  i- 1 

where :  i  »  1 ,  2 ,  3 ,  4. 

D^  =  the  additi /e  delay  of  Doppler  signal  travel  time 
from  transmitter,  to  vehicle,  to  receiver,  to 
central  record  site. 

1801  is  the  offset  biasing  frequency  subtracted  to  give 
true  doppler.  Offset  bias  in  the  UDOP  System  is 
18KC.  At  10  samples /second  this  equals  1800  cps. 

In  addition,  =  (cycle  count  -1)  for  true 
frequency. 


The  following  equations  express  the  technique  for  handling  the  UDOP 
real-time  Impact  Prediction  situation.  The  editing  of  the  data  is  accomplished 
by  a  second  order  exponential  filter.  The  editing  is  accomplished  on  the  raw 
cycle  count  before  correction  is  applied. 

^  The  example  cited  previously  noted  that  UDOP  was  a  spherical  tracking  system. 
This  was  used  as  an  example,  for  the  sphere  is  the  very  special  case  of  an 
ellipsoidal  solution,  whereby  the  transmitter  and  receiver  were  located  at 
the  same  point. 
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The  following  equations  hold: 


Nt  -  Np^  +  (N,  -  Np^) 

(2)  . 


“  ^t-1  +  -  N  ) 


N_  *  +  .IN^ 

Pt+1  ‘  ‘ 

The  filter  Is  Initialized  by  setting. 


o  “  «o'»  Nj  »  Nj^;  »!  - 


Ki-N 


Then  test: 


-  N 


N  Is  replaced  by  N 
t  ^  Pi 


This  edit  may  not  be  carried  for  more  than  four  consecutive  points  before 
the  filter  is  reinitialized.  The  constants  used  for  ^  ^ 

<  «  .25 


After  reinitializing  the  filter,  the  next  two  points  must  fall  within  the 
editing  limit  before  the  data  from  the  receiver  can  be  used  in  the  solution. 
After  converting  and  editing  cycle  count,  a  conversion  is  made  to  distance 
by  multiplying  XN|^  for  each  receiver.  Since  the  system  measures  Doppler 
change  over  At,  in  terms  of  distance,  the  measurement  might  best  be  defined 
as  a  range  sum  change. 

The  delay  Dj^  is  computed: 


Given : 


«  range  from  recording  station  to  each  receiver, 
i  «  1,  2.  3,  4 

(Ej ,  F^,  G^)  *  coordinates  of  missile  with  respect  to  transmitter. 

For  first  point  use  ,  F  ,  ). 

t-, 


O  "“O 


We  compute : 


•Sn-T  '  S  ^ 

<3)  Rt,  •  Vt  ^ 


i  «  1.  2,  3,  4 


i~ 1  *  Doppler  cycles/second 

At 


109 


D.  -iR^  Ni-i.  i  -  1,  2,  3,  4 

m 


where  C  ■  velocity  of  propagation  of  a  wave  in  vacuum. 

Initially,  is  added  to  correct  the  range  sum  change  measurenent.  Then 
only  is  added:  »  (D^  -  ^i-l)* 

To  obtain  initial  position  we  tmist  use  coordinates  from  another  tracking 
system.  Thus,  we  utilize  the  source  selected  by  the  automatic  select 
portion  of  ADA3P.  Then,  w  compute  initial  range  stn,  with  respect  to 
each  receiver  in  the  solution,  using  the  auto- select  coordinates  (Eq,  F^,  G^). 

.  "r.  2  ^  ^  2  ^  „  2^1/2 

rk  *  -H  G«  ! 

—  ^  e  ®  j 


'Ik  •  ^  J 


2  1 1/2 


Where : 


(E^,  F^,  G^)  »  receiver  coordinates  referenced  to  the  transmitter < 


(Ej^  F^  G^)  *  (E^,  F  ,  G^)  for  initial  range  sum  based  on  coordi- 

’  nates  Irom  another  system.  The  cartesian  coordinates 

of  the  vehicle  referenced  to  the  transmitter  site. 


Next,  the  extrapolated  range  sum  Ue^  is  computed  for  each  receiver. 

r  T 

2  2  21/2 

•^k '  %  +  +  gt/  i  ' 

j 

2  2  2l  1/2 

(5)  S.  =  (Ej  -  E.)  +  (Ft  -  F,)  +  (Gt  *  G^) 


The  observed  range  sum  is*' 

(6) 


k  -  1,  2.  3  — 
i  -  1.  2,  3.  4 


A  least  squares  solution  for  the  adjusted  coordinates  (Ej,,  F  ,  G  ) 
Is  computed:  ^ 
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“Ik 

r  "! 

(7)  A,  - 

Siu 


fk 


F- 


^k 


*'3ik  -  i«T.^  -  Cl 

Slk 


The  coapute  AU's: 

(.) 

set  up  mfttrices: 


Gij» 


Aj.l 

Ai2 

Ai3 

A21 

^22 

A23 

A31 

A32 

A33 

A41 

CM 

\3 

(9) 


^r 

^2' 

AU3 

AU4 


The  Adjusted  coordinates  are: 


(10) 


-^-1 


J 


•  S  I 
t  *j  k 


(\)  (U,) 
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The  adjust  ted  coordinates  are  then  ttantfomed  to  the  geocentric  system 
for  use  In  IP  caaputations  and  for  velocity  determination. 


(11)  ;e 

F 


-®-k 


Fj 


E^l 


iGlj 


Where  (E^,  G^)  are  the  geocentric  coordinates  of  the  transmitter  site. 

Using  the  variate  difference  method  we  now  coiopute: 


6n-12 


(12)  where;  n  *  number  of  points 
j  -  (0  <  j  <  21) 

Measurements  of  four  receivers.  (1  *  1,  2,  3,  4) 


The  system  covariance 

(13)  oi 

is  now  computed  as  follows: 

The  covariance 

matrix 

Is: 

A 

(lA)  [  crE^ 

0EF 

ceg'I 

'  OEF 

CM 

% 

i 

0FG  j 

T  -1 

(a'a) 

'  (7EG 

cfFG 

CM 

Smoothing  UDOP  Data  for  Velocity 

A  smoothing  technique  based  on  fitting  the  adjusted  geocentric  position 
coordinates  by  a  least  squares  technique  to  a  second  degree  polynomial 
over  21  points  is  used.  A  set  of  "almost"  least  square  or  power  of  two 
multipliers  are  applied  to  position  coordinates  to  obtain  velocity  conr 
ponents  which  hold  for  the  17th  point  of  the  21  point  span.  The  equa¬ 
tions  are: 

1,6 
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1 

where  K  -  .0091713954 


j_ 

1. 

-16 

2 

-11 

-1 

-6 

-1 

-1 

-1 

4 

4 

-15 

1 

-10 

-1 

-5 

-1 

0 

2 

-14 

0 

-  9 

-1 

-4 

-1 

1 

1 

-13 

-1 

-  8 

-1 

-3 

-2 

2 

2 

-12 

-1 

-  7 

-1 

-2 

-1 

3 

2 

Zero  Crossover  (generate  whole  cycle  count) 


•1/10  or  1/20  Second- 


Pcc  (previous  cycle  count 
is  period  of  a  com- 
piete  cycle  in  10  me  ‘j  +  1 
pulses) 


t. 


Fig  5-1 


P'cc  (partial  cycle  count  is  period  between 
last  zero  crossover  and  end  of  sample, 
t.  +  1.  Expressed  in  terms  of  10  me 
pijlses. ) 
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To  effect  post flight  reduction  ,  UDOP  DAta  goes  through  the 
reduction  programs  as  in  Figure  5-2.  The  editing  routine,  DOED  5,  accepts 
the  digitized  output  tape  from  ^}AR£  and  computes  the  time  for  readouts, 
the  total  cycle  counts,  and  first,  second  and  third  differences  in  cycle 
counts.  The  output  tapes  are  then  collated  and  used  as  an  input  for  UDSD  2 
The  editing  routine,  UDOW  1,  does  the  same  thing  for  the  digitized  output 
tape  from  the  down  range  digitizer.  The  output  of  UDOW  1  is  used  as 
another  input  for  UBSD  2  and  DUPV  1  is  a  correction  table  computed  by 
DORR  1,  the  UDOP  Range  Rate  Correction  routine.  This  routine  computes 
Atmospheric  and  inospherlc  refraction  corrections  and  transmission  delay 
corrections  for  each  receiver.  The  UDSD  2  computes  the  corrected  cycle 
counts,  and  corrected  range  sums  and  differences.  The  UDSD  2  output  is 
the  second  input  for  DUPV  1  which  is  used  to  compute  position  and  velocity. 
However,  at  the  present  time,  DUPV  1  is  used  to  compute  only  the  position. 
The  velocity  is  computed  by  SMVA  3,  which  also  computes  acceleration.  Be¬ 
fore  the  data  is  coij^piled  into  the  Flight  Test  Report,  it  is  processed 
through  FPRG  2.  This  program  reformats  the  data  and  puts  in  headings  and 
comments.  The  Flight  Test  Report  is  now  ready  to  be  released  to  the  Range 
User.  Elapsed  time  from  launch  until  release  is  approximately  10  days. 

The  description,  by  title,  of  the  programs  mentioned  above  is  as 

follows : 


DOED  5  DARE  editing  routine 

UDSD  2  UDOP  Range  Sum  and  Range  Differences  with 
associated  Error  Estimates 
DUPV  1  UDOP  Position  and  Velocity  Routine 
SMVA  3  Velocity  and  Acceleration  by  Smoothing 
UDOW  2  UDOP  Downrange  D.gitized  Data  Conversion  and 
Editing 

DORR  1  UDOP  Range  Rate  Correction  Routine 

FPRC  2  Full  Page  Report  Generator 

One  method  for  postflight  reduction  of  UDOP  data  is  the  DARE  (Doppler 
Automatic  Reduction  Equipment)  System.  DARE  is  a  system  which  functions 
according  to  Figure  5-3.  A  review  of  DARE’s  capabilities  follows. 

PERFORMANCE  CAPABILITIES 

The  DARE  System  can  automatically  count  the  total  number  of  doppler 
cycles  of  frequencies  between  iO  cps  and  30,000  cycles  per  second  provided 
that  noise  filtering  is  not  required.  If  filtering  is  required,  the  upper 
limit  of  the  system  is  12.5  kc.  The  system  measures  the  period  of  all  cycles 
to  withing  +  20  microseconds.  The  system  can  also  accept  reduced  speed  play¬ 
back  in  order  to  increase  the  upper  frequencies  without  diluting  accuracies. 
The  output  of  DARE  is  on  :netic  tape  in  proper  format  for  IBM  7094  entry. 

PERFORMANCE  SPECIFICATIONS 

The  system  samples  at  rates  of  1,  2,  10,  20,  and  50  samples  per 
second.  The  DARE  System  is  not  limited  to  use  with  doppler  data  but  can 
also  be  used  to  count  the  number  of  cycles  of  cyclic  telemetry  data,  to 
measure  the  time  between  events  with  the  same  inherent  accuracy. 

The  following  digit i.zed  information  is  placed  on  magnetic  tape  for 
each  sample. 
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FKJ  5-2  UDOP  REDUCTION  PROGRAM 


DKimZER 

_ l_ 

UDOW  1 
I - ' 

MANUAL  EDIT 


DARE 

,  1  , 

OOED5 
OR 

DOEDA 
1 ^ - 1 

MANUAL  &  AUTO  EDIT 
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BLOCIC 


1.  Total  ntiBiber  of  doppler  cycles 

2.  Tine  froa  last  cycle  to  read*out 

3.  Tlaw  duration  of  prevlovis  cycle  before  readout 

4.  Time  jitter  between  sanples 

5.  Quality  of  the  doppler  data 

6.  Proper  conputer  fomat  information 


g: 


(Sec  Figure  5-3  ) 


Tha  function  of  the  one  pps  circuitry  is  to  furnish  automatic 
start/stop  ^f  tha  output  recorder  so  that  any  desired  portion  of  the 
doppler  run  nay  be  sanpled. 


The  total  nunber  of  doppler  cycles  is  obtained  from  an  accumulator 
capable  of  counting  to  999*999  before  recycling. 


The  crossover  detector  generates  a  pulse  for  each  positive  going 
aero  crossover. 


These  pulses  are  synchronized  %rith  the  clock  and 

1.  Advance  total  accumulator 

2.  Clear  last  cycle  storage 

3.  Shift  new  cycle  value  from  partial  cycle  counter 
into  last  cycle  storage 

4.  Clear  and  reset  partial  cycle  counter 

The  100  pps  timing  code  is  fed  to  a  fast  code  detector  which  generates 
the  following  functions  as  well  as  readout  rates: 

1.  Fast  code  accumulator  inputs  of  "yes"  and  scanning  pulses 

2.  Start  pulse  for  the  sequence  generator 

3.  Nianber  of  100  pps  timing  pulses  received 

4.  Start  pulse  to  clock 

The  fast  code  accumulator  stores  the  100  pps  timing  for  a  one 
second  period. 

The  clock  received  an  input  from  the  fast  code  detector  and  generates 
an  output  which  shifts  the  information  In  the  partial  cycle  counter*  previous 
cycle  counter  and  total  count  accumulator  into  core  storage. 

The  sequence  generator  receives  an  input  from  the  fast  code  detector 
and  generates  the  following  at  the  correct  time  to  record  all  the  information 
on  the  output  tape: 

1.  Readout  to  all  storage  units 

2.  Necessary  format  characters 

The  output  gate  accepts  information  which  is  read  out  of  the  storage 
units  anc  presents  this  information  to  tb'i  tape  unit  on  the  proper  lines  for 
recording. 
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'^he  data  from  the  lota!  UDOP  System,  NASA  and  Al-Ki?  ,  Is  roduccd 
together.  As  a  measure-  of  system  performance,  the  final  reduced  IT>0P 
Data  is  compared  to  the  missile’s  inertial  guidance  data.  In  this  manner, 
a  common  comparison  can  be  made  for  a  series  of  missile  launches.  Enclosed 
in  this  section  are  three  cur^'^es.  These  curves  represent  ti  c  cjT.|'arisons  nf 
the  UDOP  Data  with  the  inertial  guidance  data  telemetered  1  during  powered 
flight.  (See  Figures  5^4.  5-5  and  5-6) 

The  data  plotted  was  compiled  from  the  following  missiie  tests: 


YEAR  1962 

YEAR  1953 

Test  #3722 

Test  #116 

Test  #3721 

Test  #143 

Test  #4230 

Test  #118 

Test  #5031 

Test  #976 
Test  #1598 
Test  #978 
Test  #103 
Test  #3301 
Test  #3302 
Test  #3815 

Included  as  outages  on  the  curves  are  those  launches  where  UDOP 
performance  was  sub-marginal.  No  data  has  been  deleted. 


At  this  point,  some  terms  must  be  defined: 


Final  Data  -  UDOP  Data  which  has  undergone  all  possible 

electrical,  mechanical  and  mathematical  manip¬ 
ulation  to  eliminate  all  known  errors  and 
error  sources.  The  data  which  has  been  thusly 
corrected  is  defined  as  F^nal  Data. 

Inertial  That  data  telemetered  back  to  earth  during  the 

Guidance  period  of  flight  which  is  the  measurement  of 

Data  velocity  in  all  a  es  as  sensed  by  the  associated 

transducer. 


Sigma  .  The  measurements  of  the  variations  in  velocity  as 

Delta  X  compared  to  the  inertial  guidance  data.  These 

measurements  are  short  span  comparisons  (In  this 
case,  the  X  axis). 


The  curves  are  plotted  in  terms  of  vc'Ocitv,  as  the  IDOP  System  Is  a  veloci?  . 
measuring  system  (lange  rate).  had  these  curves  been  transposed  into  terns 
of  position,  the  trends  would  remain  the  same,  and  only  tne  scaling  would 
change. 


The  X  axis  is  in  the  easterly  direction,  along  the  flight  path  and 
down  range,  the  Y  axis  is  northerly  and  the  Z  axis  is  vertical  from  the 
launching  pad.  The  curve  represented  by  the  dotted  line  within  the  envelopes 
of  each  curve  is  the  most  recent  measurement  and  shows  the  Improvement  over 
previous  tests.  Figure  5-7  is  the  sunroaiy  ot  UDOP  Residual  errors  before  the 
do%^range  UDOP  digitizer  was  in  operation.  The  numbers  Included  in  Figure  5-7 
are  presented  for  relative  error  sources,  not  absolute  values. 
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Fig.  5-4  X-Axis  velocity  differences  with  inertial  guidance  data 


Fig.  5-5  Y-Axis  velocity  differences  with  inertial  guidance  data 


Maximum  Excursion 
Test  1598 
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Fig.  5-6  Z-Axis  velocity  differences  with  inertial  guidance  data 
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APPENDIX  I 


UDOP  SYSTEM  SCHEMATIC  DIAGRAMS 


Enclosed  in  this  section  are  lists  of  schematics  of  major  and  minor  pieces 
of  equipment  employed  in  the  Down  Range  UDOP  System.  The  schematics  are 
listed  by  major  sub-groups  for  easy  look-  .p.  Any  authorized  person  may  obtain 
a  print  of  these  listed  schematics  from  either  RCA  Drafting  Services,  or  PAA 
Engineering  Drafting.  Those  prints  supplied  by  EDP  Corporation,  Orlando, 
Florida,  are  in  a  drafting  contract  file,  and  require  authorization  for  removal 

These  lists  do  not  include  numerous  engineering  sketches,  block  diagrams, 
and  educational  material  written  within  AFMTC. 

Much  equipment  purchased  as  off-the-shelf  items  are  not  documented  by  schematic 
other  than  the  associated  instruction  manuals  purchased  with  each  item.  These 
equipments  include  such  items  as  tape  recorders,  receivers,  transmitters, 
data  links  and  all  test  equipment.  Instruction  manuals  for  each  item  of 
equipment  can  be  obtained  from  the  individual  manufacturer. 

(See  section  on  Equipment  Used  in  the  UDOP  System.) 


SYSTEM 


KCk  Prints 

8-70504 

B-86977 

0-97695 

C-97704 

C-97961 

C-7 10705 

D- 70686 

D- 94008 

D- 94042 

C- 94053 

C-98207 

C- 98208 

D-19003-353 

D-19003-534 

PAA  Prints 

C-601935 

C-602519 

C-601113 

C-601025 


System  Block  Diagram 

MTG  Clamp  50  MC  Antenna 

Installation  UDOP  Data  Link  Antennas 

Andrews  H920D-3  Mounting  Details 

WetCherproof  Jack  Box  Details  and  Assembly 

H920D-3  Mounting  Hardware  Details 

System  Block  Diagram 

900  MC  Test  Antenna 

900  MC  Test  Antenna  Reflector 

900  MC  Test  Antenna  Mounting  Detail 

900  MC  Discone  Mounting  Details 

H920D-3  Mounting  -  Carter  Cay 

Site  Plan  -  Carter  Cay 

PERSHING  Terminal  Facilities 

Data  Format  for  UDOP  via  Collins  AN/GSC-4 
UDOP  Communications,  GBI  and  Cays,  Wire  and  Data  Circuits 
Block  Diagram,  one  channel  of  the  Down  Range  UDOP  vSystem 
Mating  information  for  7090  Computer 
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LIST  OF  REPRODUCIBLES  OF  M/LNUFACTURING  DRAWINGS 


FOR  CONTRACT  AF  08  (606) -5024 
AS  OF  JUNE  28,  1963 

These  schematics  are  for  the  digitizer,  offset 
bias  converter,  ultra  stable  oscillator,  and 
format  converter  prints  supplied  by  EDP  Corp., 
Orlando,  Florida 


Drawing  Number 


EDP  Corporation 
EDP  Job  444 


SHEETS  SIZE  TYPE  NO. 


TITLE 


A  001 


4-NAND  Gate  Printed  Boad  Assembly 


A  004 


BSMV  Printed  Board  Assembly 


A  005 


2-NAND  Gate  Printed  Board  Assembly 


A  008 


Switch  Control  Panel 


A  009 


Compilation  Detector  Printed  Board  Assembly 


S  010 


Schematic  -  Switch  Control  Panel  (4A2) 


A  013 


L-Driver  Printed  Board  Assembly 


S  014 


Schematic  -  IMC  Zero  Crossing  Detector 


A  015 


Oscillator  6  Transmission  Gate  Printed  Board 
Assembly 


S  017 


IMC  4-I^AND  Gate  Schematic 


A  018 


Modulator  &  Line  Driver  Assembly 


A  020 


MSMV  Printed  Board  Assembly 


A  021 


Card  File  A05A01 


A  022 


Card  File  A0SA02 


A  023 


Card  File  A05A03 


A  024 


Card  File  A05A04 


A  025 


Card  File  A05A05 


A  026 


Card  File  A05A06 


D 

A  027 

Card  File  A05A07 

D 

A  028 

Card  File  A05A08 

D 

A  029 

Card  File  A05A09 

D 

A  030 

Card  File  A05A10 

D 

A  031 

Card  File  A05A11 

D 

A  032 

Card  File  A05A)2 

D 

A  033 

Card  File  A05A13 

D 

A  034 

Card  File  A05A14 

D 

A  035 

Card  File  A05A15 

D 

A  036 

Card  File  AOlAOl 

D 

A  037 

Card  File  A0U02 

D 

A  038 

Card  File  A0U03 

D 

A  039 

Card  File  A01A04 

D 

A  040 

Card  File  A0U06 

D 

A  041 

Card  File  A0U07 

D 

A  042 

Bias  Converter  Assembly 

B 

S  047 

Schematic  -  2-NAND  Gate  (IMC) 

B 

S  048 

Schematic  -  Compilation  Detector 

D 

A  049 

Zero  Crossing  Detector  (Assembly) 

B 

S  050 

Schematic  -  IMC  MSMV 

C 

S  051 

Schematic  -  IMC  BSMV 

B 

S  052 

Schematic  -  lOOKC  Zero  Crossing  Detector 

D 

A  053 

Frequency  Comparator  Assembly  (Rack  A) 

D 

A  069 

Delay  Gate  Assembly 

B 

A  071 

Terminal  Board  Assembly  -  Frequency  Comparator 

C 

L  080 

Logic  Diagram  -  Frequency  Comparator 

D 

A  081 

Assembly  Rack  10  Transit  Station 
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J 

A  089 

Digitizer  Control  Panel  Assembly 

D 

A  091 

Rack  3  and  4  Assembly 

D 

A  104 

Power  Supply  (Modified) 

D 

S  107 

Bias  Converter  Schematic 

C 

S  108 

Frequency  Doubler  Schematic-Bias  Converter 

D 

W  122 

Wiring  Diagram  -  Bias  Converter 

B 

S  152 

Delay  Gate  Schematic 

D 

S  153 

Modulator  A  Line  Driver  Schematic 

D 

A  156 

Rack  D  Assembly  Digitizer  Assy. 

D 

A  157 

IBM  Interface  P/B  Assembly 

D 

A  159 

IBM  Driver  Printed  Board  Assembly 

D 

S  219 

Oscillator  6t  Transmission  Gate  Schematic 

D 

A  220 

10  MC  Clock  Assembly 

C 

A  230 

Terminal  Board  Assembly  (lOMC  Clock) 

D 

A  231 

Computer  Input  Printed  Board  Assembly 

D 

A  244 

Format  Converter  Rack  H-01 

D 

L  277 

Site  Selection  for  Digitizer 

D 

A  294 

Power  Panel  Assembly  Rack  6 

C 

A  295 

Power  Panel  Assembly  (For  Format  Converter) 

B 

S  296 

Schematic  -  High  Impedance  100  KC  Zero  Crossing 
Detector 

J 

L  301 

Whole  Cycle  Counter  for  Digitizer 

J 

B  302 

Format  Converter  -  Block  Diagram 

J 

L  303 

Data  Register  for  Format  Converter 

J 

L  304 

Sequencer  for  Format  Converter 

J 

L  305 

Wbrd  No.  7  Storage  for  Format  Converter 
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J 

L  306 

Storage  1,  2,  4,  5,  and  6,  for  Format  Converter 

J 

L  307 

Word  No.  3  Storage  &  Buffer  for  Format  Converter 

D 

L  308 

Translator  for  Format  Converter 

D 

L  309 

IBM  Interface  &  Drivers  for  Format  Converter 

J 

B  311 

Block  Diagram  Digitizer 

J 

L  312 

Timing  Generator  for  Digitizer 

J 

L  313 

Range  Time  Decoder  for  Digitizer 

J 

L  31A 

Partial  ix  Previous  Cycle  Counter  for  Digitizer 

J 

L  315 

Multiplexer  Counter  for  Digitizer 

D 

L  316 

Multiplexer  for  Digitizer 

B 

S  317 

lOMC  Emitter  Follower  Schematic  (lOMC  Clock) 

B 

S  318 

lOMC  2-NAND  Gate  Schematic 

B 

S  319 

IBM  Driver  Schematic 

B 

S  320 

Schematic  High  -  lOOKC  Threshold  Detector 

B 

S  321 

lOMC  MSMV  Schematic 

6 

S  322 

L-Driver  Schematic 

B 

S  323 

IBM  Interface  Schematic 

C 

S  324 

lOMC  BSMV  Schematic 

D 

W  326 

Power  Distribution  for  Rack  05  and  06 

D 

A  327 

Card  File  AO i AOS 

B 

S  331 

Pulse  Shaping  Zero  Crossing  Detector  Schematic 

D 

A  333 

Po we  r  S u  p  p  \  y  \  s  s  o nl?  1  v 

D 

A  336 

Collins  DTS  -  Rack  E  06 

C 

A  346 

Active  Crystal  Filter  Assembly 

D 

W  347 

Power  Distribution  for  Format  Converter 

BILL  OF  MATERIALS 

A 

A  042 

bias  Converter  L/M 
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A 

A  091 

Rack  3  and  4  Assembly  L/M 

C 

A  348 

Drilling  Drawing,  Tone  Generator 

c 

A  349 

Wiring  Assy.,  Tone  Generator 

D 

A  350 

Tone  Generator  Assy. 

D 

S  351 

Schematic  Diagram  -  Tone  Generator 
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RECEIVERS 


RCA  Prints 

D-900316 

900HC  Helical  Antenna 

A.710722 

Micro  Match  Modifications 

5-70497 

Local  Oscillator  Block  Diagram,  Stand. 

Rec . 

5-710718 

Rack  II  Inter-unit  Wiring 

C-7U407 

VHF  Receiver  Povjer  Supply 

C« 70505 

Local  Oscillator  Power  Supply 

C-86213 

Receiving  Turnstile  Ground  Plane 

C- 98666 

900MC  Antenna  and  Pre-amp  Installation 

Details 

C-99049 

Floor  Plan  Allans  Cay 

C- 7 106 94 

Rack  I  Cabling  Detail 

C- 7 10695 

Rack  II  Cabling  Detail 

C-710697 

Rack  III  Cabling  Detail 

C- 7 10698 

Details  -  Rack  Modifications  for  MINUTDIAN 

C-710723 

Micro  Hatch  Assembly  Detail 

D- 70406 

UHF  Receiver 

D- 704 14 

VHF  Receiver  Cabling  Diagram 

D- 70420 

VHF  Receiver  Schematic 

D- 70421 

UHF  Receiver  Cabling  Diagram 

D- 70425 

UHF  Receiver  Power  Supply 

D-7050O 

Local  Oscillator  Schematic 

D-86201 

Receiving  Turnstile  Details 

D- 86202 

Receiving  Turnstile  Assembly 

B- 940 18 

Antenn<i  Boom  -  Walker  Cay 

D- 94091 

Antenna  Inst.  Details  -  Carter  Cay 

D- 99031 

Floor  Plan  Walker  Cay 
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D-99032 
D-SK- 99044 
r- 99052 
D- 19003-43 
D-19003-551 
D- 19003-552 
D-19003-55J 
D- 19003-566 
D- 19003-567 
D- 19003-568 
D- 19003-569 
D-19003-570 
D-19003-571 
D-19003-572 
D-710717 
E-81566 
D-712153 


Racks  I,  II,  III  Block  Diagran 

Carter  Cay  Site  Plan 

Floor  Plan  -  Carter  Cay 

Site  Plan  -  Walker  Cay 

Floor  Plan  -  Carter  Cay 

Power  Panel  -  Carter  Cay 

Racks  I  and  II  -  Carter  Cay 

Equlpoient  Layout  -  Walker  Cay 

Elevations  Rack  1-4  -  Walker  Cay 

Wiring  Diagram  Racks  I,  II,  III  -  Walker  Cay 

Distribution  Panel  No,  I  -  Walker  Cay 

Wiring  Diagram  -  AN/TCC-3  and  AN/TRC-24  -  Walker  Cay 

Cable  Layout  -  AN/TRC-24  Antennas  -  Walker  Cay 

Elevations  -  Antenna  Tower  and  Poles  -  Walker  Cay 

Cabling  List  tor  Phase  Lock  Receiver 

H.F.  Transmitting  Antenna  Field  -  Career  Cay 

r*at ca  Link  Attenuator  Panel 
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TRANSMITTERS 


RCA  Prints 

D-SK- 99026 

Synchro  Data  Interconnection  -  Carter  Cay 

D-SK- 99045 

Floor  Plan  Transmitter 

D- 19003- 544 

Floor  Plan  Transmitter 

0-19003-554 

Po%ier  Panel 

0-19003-555 

AC  Power  and  Control 

0-19003-556 

RF  Cabling  and  Elevations 

D- 19003- 557^ 

Interack  Wiring 

D-19003-5572 

Monitor  I,eads 

0- 560513 

Transmitter  Turnstile 

0-560529 

Transmitting  Turnstile  Assembly 

A- 70839 

Exciter  Divider  Shield 

B- 560526 

Turnstile  Antenna  Parts 

B- 560527 

Turnstile  Antenna  Parts 

3-  70840 

Exciter  Shield  Assembly 

C- 70493 

Mounting  Bracket  -  Filter  Assembly 

C-98209 

Floor  Plan 

C- 560516 

Turnstile  Antenna  Parts 

C- 560528 

Turnstile  Mast.  Assembly 

C- 5605-9 

Turnstile  Ground  Plane 

0-70432 

Monitor  Panel 

C- 70838 

Exciter  Termination  Shield 

D- 86992 

Transmitter  Site  Antennas 

I 


RCA  Prints 

D-99075 

A- 710739 

A- 7 10741 

C-561686 

C- 710742 

D- 70472 

D-97588 

D-97745 

D-97747 

D-97775 

D-98213 

D-99057 

D- 99059 

D' 99060 

D-99074 

D- 7 107 19 

D- 710720 

D-710738 

C- 710903 

B-710905 

C-86613 


CENTRAL  RECORD 


Rack  7  External  Wiring 
Intercom  Panel  Speaker  Grill 
Intercom  Panel  Bracket 
Distribution  Panel 
Intercom  Panel 
32KC  Reference  Multiplier 
Antenna  Details 
Floor  Plan 
Site  Plan 

Cable  Pressurizing  System 

Cable  Pressurizing  System  Assembly 

Racks  2R,  3R,  Wiring  Block  Diagram 

Rack  1  External  Wiring 

Rack  2  External  Wiring 

Rack  Support  Details 

Jack  Panel  I  of  Panel  8  Detail 

Jack  Panel  2  of  Panel  8  Detail 

Intercom  Panel 

Lock  Indicator  Panel  -  Wiring 
Lock  Indicator  Panel  -  Schematic 
Receiving  Antenna  Bracket 
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COLLINS  AN /CSC' 4  DATA  TRANSMISSION  MODEM 


SSO- 2270-004 

AF5  Gated  A.  C.  Aaf>. 

550-2271-004 

AF7  2  Input  AiDp. 

550-2272-004 

AF8  Generator  Filter 

550-2373-004 

AC2  180KC  Osc. 

552- 5838- 004P 

Diode  Matrix »  BS4 

550- 2282- 004P 

BU9  And-Or  #1 

550-2287-004 

BZ7  Gen.  Mode  Switch 

550-2293-004 

CD3  Peaking  Aap. 

550-2297-004 

CG2  Detector  Counter 

550-2299-004 

CG4  Pattern  Gen.  Matrix 

550-2300-004 

CC5  Bias  Ckt. 

552- 5844- 004P 

Timing  Matrix  Number  2,  CK5 

550-2305-004 

CK8  And-Or  #2 

550-2306-004 

CK9  Delay  Line 

550-2309-004 

CL5  One  Shot  n 

550-2269-004 

CL7  One  Shot  ^A2 

552- 5803- 004P 

Limiter,  FM7 

552- 5828- 004P 

Toggle  ^^2,  FM9 

552- 5767- 003P 

Test  Point  No.  2,  FN2 

552-5791-004P 

Corrector,  FN3 

552-J315-004P 

Keyed  Filter,  FN4 

552- 5794- 004P 

Level  Correctors,  FN5 

552-5785-004P 

REC.  Heterodyne  No.  1  ,  FN7 

552- 5806- 004P 

REC.  Heterodyne  No.  2,  FN8 

552-5773- 004P 

Sync  Demodulator  1 ,  rN9 
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552-5776*004? 

Sync  Demod  No.  2,  FP2 

552-5797-004? 

Sync  Detector  #2,  F?3 

552-5782-004? 

S}'nc  Detector  1 ,  F?4 

552-5809-004? 

Transmit  Alarm,  F?5 

552-5788-004? 

Telephone  Alarm  No.  1,  F?7 

552-5800-004? 

Telephone  Alarm  <'2,  FF8 

552-5812-004? 

Timing  Shaper  No.  2,  FP9 

552-5779-004? 

Transmit  Het.  1,  FR2 

552-5770-004? 

Transmit  Het  ^^2,  FR3 

552-5833-003? 

Test  ?oint  No.  1,  GA7 

552-5748-003? 

NOR  B.  GG7 

552-5869-004? 

Digital  Sync  Corrector,  GG8 

552-5874-004? 

Comparator ,  GG9 

552-5849-004? 

Data  Rate,  Matrix,  GH2 

552-5854-004? 

Operate  Test  Matrix,  GH3 

552-5864-003? 

One  Shot  O ,  CH4 

552-5859-004? 

Timing  Shaper  ’-'I,  GH5 

552-5879-004? 

Timing  Matrix  Number  1,  GH7 

552-  5727-004? 

Toggle  G?3 

552-5735-004? 

Inverter,  GP4 

552-5743-004? 

Clock  Pulse  Generator,  GPS 

552-5756-004? 

Svnc  Shaper ,  G?7 

552-5764-003? 

Sync  Timer,  GPS 

552-5823-004? 

Load  Gate,  G?9 

KCA  I>- 11621- 343 

General  Block  Diagram,  AN/GSC-4 
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APPENDIX  II 


ELECTRONIC  EQUIPMENT  i;SED  IN  THE  UDOP  SYSTEM 


Nomenclature 

Site 

Manufacturer 

Provisioning 

Document 

Digitizer 

Bassett 

EDP  Corporation 

P-3275 

Offset  Bias 
Converter 

Carter 

EDP  Corporation 

P-3275 

Frequency 

Comparator 

Carter 

EDP  Corporation 

P-3275 

Frequency 

Divider  and 

Clock  Model 

113DR 

Carter 

Hewlett-Packard 

3356 

Standby  Power 
Supply,  Model 

724BR 

Carter 

Hewlett-Packard 

3358 

5  Visicorder 
Model  1406 

ALL 

Minn-Honeywell 

3504 

4  fd  UDOP  l^F 
Phaselock 

Converter , 

Model  90315-1 

ALL  except 
Carter 

Resdel 

3509 

4  UDOP  UHF 
Phaselock 

Converter 

ALL  except 
Carter 

Resdel 

3509 

2  J  1”  Tape 
Recorder , 

FR-114B 

Bassett 

Ampex 

3832 

6  d  Tracking 
Filter,  Model 

VIIIB 

Bassett 

Interstate 

3838 
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APPENDIX  II 


ELECTRONIC  EQUIRIENT  USED  IN  THE  UDOP  SYSTEM  (Cont'd) 


Provisioning 


Noinenc  la  ture 

Site 

Manufacturer 

DocuRMsnt 

Ultra  Stable 
Oscillator 

Model  104AR 

Carter 

Hew  le  1 1 -Pa  clear  d 

3563 

5  Plus 

Counter 

4LL 

RGA/MTP 

3613 

2  (3  V  Tape 
Recorder 

FR-1107 

Bassett 
and  IP 

Ampex 

409 

Format 

Converter 

IP 

Q)P  Corporation 

3564 

2  @  Data 
Transmission 
System,  Model 
A.N/GSC-4 

Bassett 
and  IP 

ColUns  Radio 

3565 

10  @  UDOP 

Standard 

Receiver,  UHF 
Model  90215 

ALL 

Resdel 

464-A 

10  (3  UDOP 

Standard  Rx 

VHF  Model 

90225 

ALL 

Resdel 

464-B 

10  (3  Local 
Oscillator 

Model  90235 

ALL 

Resdel 

464 

4  (3  Brown 

Recorder 

ALL 

M inn -Hone ywe 1 1 

8  0  FM  Data 

Bassett 

Nems -Clarke 

466 

Link  Rx 

Model  1670F  i.  J 
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APPENDIX  II 


ELECTRONIC  EQUIPf-lENT  USED  IN  THE  UDOP  SYSTEM  (Cont'd) 


Nomenclature 

Site 

Manufacturer 

Provisioning 

Document 

4  @  Frequency 
Meter,  Model 

500BR 

ALL 

Hewlett-Packard 

1201 

Atomichron 

Prim.  Freq. 

Std.,  Model 

NC  1001 

Carter 

National 

1208 

5  0  RF  Signal 
Generator 

Model  90194 

ALL 

Resdel 

1298 

Quad-Helix 

TX  Antenna 

Carter 

Versa tronics 

P-1584 

Magnetic 

Amplifier 

Model  22R 

Carter 

Versa tronics 

P-1584 

Position 

Controller 

Model  lOOM 

Carter 

Versatronics 

P-1584 

8  0  FM  Data 

Link  Trans, 

Model  CS  1976 

ALL 

Gates 

2601 

Computer 

(Converter) 

Model  484a 

Carter 

EAI 

02-B 

(  tvL,  -ter 
(Converter) 

Model  484B 

Carter 

EAl 

02-B 

Power 

Amplifier 

50MC,  Model 

M-5704 

Carter  (TX) 

Cates 

2614 
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APPENDIX  II 


ELECTRONIC  EQUIPMENT  USED  IN  THE  UDOP  SYSTEM  (Cont'd) 


Nomenclature 

Site 

Power 

Amplifier^ 

450MC,  Model 
M-5705-A 

Carter  (TX) 

Power 

Amplifier^ 

900MC,  Model 
M-5706 

Carter  (TX) 

Patch  Panel 
and  Buffer 

Carter  (TX) 

Audio 

Oscillator 

Model  200CD 

Bassett 

Loss  of  \xtck 

Indica tor 

Bassett 

Phaselock 

Indicator 

Bassett 

Tracking 

Filter  Lock 
Indicator 

Bassett 

Timing  Buffer 
Amplifier 

ALL  except 

3  0  Patch 

Panels 

Bassett 

Data  Level 

Panel 

Bassett 

10  0  Input 

Monitor,  Model 
120AR 

Bassett 

Provisioning 


Msnufscturer  Docu^snt 

Gates  2614-A 

Gates  26I4-B 

Gates  26I4-C 

Hewlett*Packard  601 

EDP  Corporation  3275 

RCA/MTP  3614 


RCA/HTP 

RCA/MTP  217C 

RCA/MTP 

RCA/MTP 

Hewlett-Packard 


APPOffilX  II 

EUCTRONIC  EQUIFMEKT  USB)  IN  toe  UDOP  system  (Cent  d) 


S 

i 

1 


6  9  I'topt 

Coonunicatiem 

Set 


2  @  FM  Data 
Ltnka  AN/TRC-24 


Mtcrovave 
Syateir.^  Model 
HOI -4 

Tram*  Monitor 
Scope;  Model 
M41S0B 

FM  Rficetver 
Model  167-J 

Syateii  Control 
Console 

Dxjnny  Antenna 
Load 

Antenna  Towers 


Antenna 
Patch  Panels 

Tlinttlg 

Tennlnal  Unit 
Model  9868 

2  9  Recorder 
Monitor  Bays 


Site 


Manufacturer 


ALL 


Allans 

Walker 


Carter 
Bassett 
West  End 

Carter 


Various 
loanuf  acturer  s ; 
mil  Gear 

Various 
manufacturers , 

MIL  Gear 
Motorola 


Gates 


Provisioning 

Document 

115 

116 

290 

26140 


Carter 

Nems -Clarke 

Bassett 

RCA/MTP 

Carter 

M.  C.  Jones 

ALL 

Various 

manufacturers 

ALL 

RCA/MTP 

Bassett 


Vitro 


205  -  210 


Bassett  Ampex 
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APPEHDIX  11 

ELECTRONIC  EQUIPMENT  USED  IN  THE  UDOP  SYSTB< 


(Cont'd) 


Nomenclature 

Site 

Manufacturer 

Bulk  Tape 

Eraser 

Bassett 

Ampex 

Playback 

Monitor 

Amplifier 

Bassett 

rcaAitp 

Intercom 

Panel 

Bassett 

RCA/MTP 

Micromatch 

Unit,  Model 

485A5 

ALL 

Microwave 
Devices,  Inc 

Doppler 

Simula  tor 

Carter  (TX) 

RCA/KTP 

10  0  Antenna 

9O0MC 

ALL 

RCA/MTP 

10  Antenna 

50MC 

ALL 

Andrews 

8  0  Antenna 

Data  Link  TX 

ALL 

TACO 

10  0  Antenna 

Data  Link  RX 

Bassett 

RCA/MT? 

Antenna,  900MC 

Test  TX 

Carter 

Andrews 

5  @  Antenna 

900MC  Test  RX 

ALL 

RCA/MTP 

Provisioning 

Document 
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APFODIX  III 


TIST  EQUlIMOtT  USED  W  THE  UDOP  SYSTBl 


MoaencUiture 

Site 

Manufacturer 

VTVK,  Hodftl  410B 

ALL 

Hewlett-Packard 

Model 

260  mod  290 

ALL 

Sis^son 

Oscllloftcope 

Model  545 

ALL 

Tektronix 

Frequency  Counter 

Model  730C 

ALL 

CMC 

Attenuetors 

ALL 

Various  nanufacturers 

Tube  Tester 

Model  T/V-7 

ALL 

MIL  Gear 

Pouer  Meter 

Model  430C 

ALL 

Hewlett-Packard 

Tbemistor  Mount 

Model  477B 

ALL 

Hewlett-Packard 

Function  Generator 

Model  202A 

ALL 

Hewlett-Packard 

Oscilloscope 

Model  555 

Bsssett 

Tektronix 

Frequency  Meter 

Model  FM3 

Carter  (TX) 

Glrtsch 

Frequency  Counter 

Model  524B 

Carter  (TX) 

Hewlett-Packard 

All  sites  also  have  meay  saull  itesas  of  test  equipaent  for  special 
purpose  systen  testing  on  specific  items  in  the  system. 
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APPEJCIX  IV 


UDOP  DOCUMENTATIC»i 


The  following  is  a  list  of  applicable  docuznents  necessary  to  the  UDOP 
System.  Many  of  the  listed  documents  \mre  used  to  publish  this  docu¬ 
ment  and  others  inclxided  as  a  ready  reference  source  for  interested 
persons  desiring  additional  information  on  various  aspects  of  the 
UDOP  System. 

The  author  wishes  to  state  that  many  of  these  docments  are  and  have 
been  used  for  internal  reference  only  and  outside  personnel  may  have 
extreme  difficulty  obtaining  d^em. 


1.  Instruction  Manual  for  the  AN/GSC-4  Data  Modem.  P/N  520-6347-00, 

1  August  1962.  Collins  Radio  Company,  Information  Science  Center, 
Newport  Beach,  California,  under  Contract  AF  30  (602) -2342. 

2.  Addendum  for  the  modified  AN/GSC-4  Data  Modem.  P/N  520-6349-00, 

1  August  1962,  Collins  Radio  Company,  19700  San  Joaquin  Road, 
Newport  Beach,  California,  under  Contract  AF  30  (602) -2342. 

3.  Series  FR-IOOB  Recorder /Reproducer  Magnetic  Tape  Recorders  for 
Instrumentation,  Operator  and  Maintenance  Manual,  ME- 152,  Ampex 
Corporation,  934  Charter  Road,  Redwood  City,  California. 

Supplied  under  Contract  AF  08  (606) -5026. 

4.  Series  FR-llOO  Recorder /Reproducer,  Magnetic  Tape  Recorder  for 
Instrumentation  (CPA  9400-016700),  Ampex  Corporation,  934  Charter 
Road,  Redwood  City,  California.  Supplied  as  a  subcontract  under 
prime  Contract  AF  08  (606) -5024. 

5.  General  Survey  Data,  Range  Instrumentation  Systems,  I  July  1962, 

G.  T.  Mead,  Optical  System  Data  Reduction,  RCA  Service  Company, 
MTP,  Patrick  Air  Force  Ease,  Florida,  under  Contract  AF  08  (606)- 
5300. 

6.  Instruction  Manual  for  Phrcelock  Tracking  Filter,  Model  VIII  B. 
Interstate  Electronics  Corp^.ration,  707  East  Vermont  Avenue, 
Anaheim,  California,  lEC  Publication  16200099,  revised  12  Decem¬ 
ber  I960.  Developed  under  Contract  NAS  5-201. 

7.  Manual  of  Submarine  Cable  Coinminicatioa  System,  Part  I  -  System 
Description.  Volume  I  prepared  by  Bell  Telephone  Laboratories, 
Inc.,  for  Western  Electric  Company,  Inc.  Developed  under 
Contract  AF  33  (038)-22454. 
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UDOP  DC>CUMENTATION 


8.  Instruction  Manual,  Model  i005R ,  Data  Receiver,  Milgo  Electronic 
Corporation,  Miami  47,  Florida.  Developed  under  Contract  AF  08 
(606)-1155. 

9.  Instruction  Book  for  Computer,  Model  484B,  Prepared  by  Electronic 
Associates,  Inc.,  Long  Branch,  New  Jersey. 

10.  Instruction  Book  for  Computer,  Model  484A,  Prepared  by  Electronic 
Associates,  Inc.,  Long  Branch,  New  Jersey. 

11.  UDOP  SYSTEM.  MTOE  Technical  Memorandum  No,  4,  dated  September  1963. 
S.  Kuen  Wong,  Lt.,  USAF. 

12.  The  UDOP  System  and  the  Reduction  of  UDOP  Data  at  the  Atlantic 
Missile  Range,  Eugene  S.  Smith,  July  1962.  Mathematical  Services 
TM  62-9.  Prepared  by  RCA  Service  Company,  MTP,  under  Contract  AF 
08  (606) -3413. 

13.  Interim  Offset  UDOP  System,  Frank  Bryne,  and  R.  L.  Baker.  MTP- 
LVO  63-1,  4  January  1963.  Prepared  by  Electronic  Engineering 
Measuring  and  Tracking  Office,  Launch  Vehicle  Operations  Division, 
George  C.  Marshall  Space  Flight  Center,  NASA. 

14.  UDOP  Digitizer,  DHS-137,  Technical  Training  Manual,  September  1963. 
Prepared  by  RCA  Service  Company,  MTP,  Patrick  Air  Force  Base, 

Florida . 

15.  UDOP  Range  Sum  and  Range  Differences  with  Associated  Error  Estimates. 
P.  J.  Pearson,  Technical  Document  ^U77.  Prof?ram  identification  IT)SD 
2,  19  September  1962,  RCA,  MTP,  Mathematical  Services,  Patricr  \ir 
Force  Base,  Florida. 

16.  DARE  Editing  Routine,  W.  J.  Kirklin,  Technical  Document  ^^43, 

4  January  1962.  Prograr  identification  DOFD4,  MTP,  '  athe- 

matical  Services,  Patrick  Air  Force  Base,  Florida. 

17.  IT)0P  Position  and  Velocity  Routine,  D.  R.  Lewis,  Technical  Docu¬ 
ment  ^171,  4  April  1962.  Program  identification,  DIP\’  1,  MdP, 

Mathematical  Services,  Patrick  Air  Force  Base,  Florida. 
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UDOP  DOCUMENTATION 


18.  Velocity  and  Acceleration  by  Soioo things  S.  F,  Andrews  and  V.  I, 
Campbell,  modified  by  B.  Page,  Technical  Docuo^nt  #27,  13  October 
1961.  Program  identification  SMVA3,  RCA,  MTP,  Mathematical 
Services,  Patrick  Air  Force  Base,  Florida, 

19.  Preliminary  Evaluation  Test  Report  for  Collins  Radio  Company, 

Model  AN/GSC-4  Data  Modem,  19  July  1963.  D.  L.  Schneid,  Prepared 
by  Pan  American  World  Airways,  Data  Hand ling/ Translation,  Patrick 
Air  Force  Base,  Florida. 

20.  UDOP>DAR£**FLAC  Data  System,  Space  Technology  Laboratories, 

14  July  1959. 

21.  UDOP  Accuracy  Study,  Part  I,  Theoretical,  STL/TR  60-0000-00329, 

17  October  1960,  Space  Technology  Laboratories,  Inc. 

22.  The  Accuracy  of  AMR  Instrumentation,  MTC-TDR  63-3,  ASTIA  Document 
AD  270800,  17  December  1962  (Published  Yearly),  H.  P.  Mann,  Systems 
Analysis,  RCA  Service  Company,  MTP,  AFMTC,  AFSC,  Patrick  Air  Force 
Base,  Florida,  under  Contract  AF  08  (606)-5300. 

23.  Simmary  of  UDOP  System  Performance  on  MINITEMAN  Flights,  H.  Pickover, 

4  January  1963,  Space  Technology  Laboratories,  Inc.,  Florida  Division. 

24.  Monthly  Accuracy  Memorandum  -  AMR  Instrumentation,  H.  P,  Mann 
(Published  Monthly),  Systems  Analysis,  RCA  Service  Company,  MTP, 
Patrick  Air  Force  Base,  Florida. 

25.  New  Techniqiies  for  Phase  and  Frequency  Jitter  Measurements,  Publica¬ 
tion  REC-TP-151,  April  1962,  Resdel  Engineering  Corporation,  Pasadena, 
California . 

26.  '.lalysis  of  UDOP  Modifications  for  the  Down  Range  System,  Ralph  K. 
Weller,  1  June  1961,  RCA  Systems  Analysis,  Technical  Memorandun  #16, 
MTP,  Patrick  Air  Force  Base,  Florida,  under  Contract  AF  08  (606)- 
3413. 

27.  Technical  Manual  for  the  UHF  Antenna  Preamplifier  for  UDOP  Receiver, 
Model  90196.  Publications  REC-M-9,  March  1960,  Resdel  Engineering 
Corporation,  Pasadena,  California. 
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28.  Technical  Manual  for  the  UDOP  Solid  State  Transponder,  Model  90710-2. 
Publication  REC-M-29,  March  1962,  Resdel  Engineering  Corporation, 
Pasadena,  California. 

29.  The  UDOP  System,  September  1959,  Resdel  Engineering  Corporation, 
Pasadena,  California. 

30.  Test  Procedures  UDOP  Transponder,  Model  90710,  Publication  REC-T-25. 
Prepared  for  AVCO,  Contract  AD-507-M,  Resdel  Engineering  Corporation, 
Pasadena,  California. 

31.  Technical  Manual  for  UDOP  UHF,  Phaselock  Converter,  Model  90315-1, 
Publication  REC-M-24iA,  February  1962,  Resdel  Engineering  Corporation, 
Pasadena,  California. 

32.  Technical  Manual  for  UDOP  VHF,  Phaselock  Converter,  Model  90694, 
Publication  REC-M-32,  February  1962,  Resdel  Engineering  Corporation, 
Pasadena,  California. 

33.  Assembly  Instructions  for  the  Modification  Kit  for  the  VCO/Tripler, 
Model  90701,  Publication  REC-M-22A,  December  1960,  Resdel  Engineering 
Corporation,  Pasadena,  California. 

34.  Technical  Manual  for  the  Resdel  Model  91021-1,  UDOP  Offset  Interro- 
gater  System,  Volume  I,  Publication  REC-M-47,  February  1963,  Resdel 
Engineering  Corporation,  Pasadena,  California. 

35.  The  UDOP  System,  Publication  REC-TF-160,  October  1961,  Resdel 
Engineering  Corporation,  Pasadena,  California. 

36.  Test  Procedures,  Tracking  Filter  Subsystem,  Rack  ^3  and  4.  Central 
digitizing  System,  EDP  Corporation,  Orlando,  Florida,  Item  10 
(Partial)  Contract  AF  08  (606)-5024. 

37.  Instruction  Book,  UDOP,  450  me,  I  KW,  Amplifier,  10  December  1958, 
Gates  Radio  Company,  Quincy,  Illinois. 

38.  Preliminary  IDOP  RF  Reference  System,  Model  M5687,  I  B  882,  16  January 
1959,  Gates  Radio  Company,  Quincy,  Illinois. 
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39.  Technical  Manual  for  UDOP  Ground  Receiver^  Model  90191,  Publication 
REC-M-7,  July  1959,  Re^del  Engineering  Corporation,  Pasadena, 
California. 

40.  Instruction  Manual,  Voluoie  I,  Radio  Freqxiency  Subsystem  of  the 
Centralized  Digital  System  for  UDOP,  Rack  #10.  Transmitter  Station, 
Little  Carter  Cay,  EDP  Corporation,  Orlando,  Florida,  under  Contract 
AF  08  (606) -5026, 

41.  AMR  Instriflnentation  Handbook,  MTL-lDR-63- 1,  Volume  I,  Operational 
Systems,  1  February  1963,  Range  Planning  Department,  Pan  American 
World  Airways. 
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appendix  V 


UDOP  SYSTEM  MANPOWER  REQUIREMENTS 


The  following  is  a  listing  of  technical  personnel  needed  to  support  a 
normal  mission,  with  full  down  range  UDOP  support. 


Allans  Cay 

2 

technicians 

Walker  Cay 

2 

technicians 

Carter  Cay 

Receivers 

1 

technician 

Carter  Cay 
Transmitters 

3 

technicians 

Bassett  Cove 

Receivers 

1 

technician 

Bassett  Cove 

Central  Record 

4 

technicians 

West  End 

2 

technicians 

Personnel  at  Bassett  Cove  include  the  UDOP  System  Leader. 

The  equipment  at  the  Impact  Predictor  Facility  is  manned  and  operated 
by  normal  site  personnel,  with  no  additional  people  required  for  UDOP, 
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APPENDIX  VI 


TABI£  OF  SURVEY  DATA  FOR  THE  DOWN  RANGE  UDOP  SYSTEM 


This  data  is  accurate  as  of  October  1963.  Surveyed  points  are  subject 
to  revision  as  new  surveys  are  run  as  a  result  of  severly  Inclesient 
weather  moving  the  antenna  mounts. 


SYSTEM 

LATITUTE 

LONGITUDE 

ELEVATION  MSL 

Allans  L  (CW) 

26 

59 

10.8084 

77 

40 

27.3159 

9.73 

Allans  M  (CCW) 

26 

59 

10.8063 

77 

40 

28.4227 

15.02 

West  End  G  (CW) 

26 

39 

13.396 

78 

56 

02.519 

15.59 

West  End  H  (CCW) 

26 

39 

13.509 

78 

56 

02.698 

15.04 

Walker  J  (CW) 

27 

15 

29.8830 

78 

23 

37.6569 

16.00 

Walker  K  (CCW) 

27 

15 

30.0122 

78 

23 

37.7710 

14.04 

Bassett  0  (CW) 

26 

36 

52.3867 

78 

19 

24.8826 

51.81 

Bassett  P  (CCW) 

26 

36 

52.9378 

78 

19 

25.4586 

52.46 

Carter  Interroga¬ 
tion  Transmitter 

27 

05 

13.8812 

78 

00 

08.1132 

18.5760 

Carter  C  (CW) 

27 

05 

09.5396 

77 

59 

49.2202 

16.378 

Carter  D  (CCW) 

27 

05 

09.5071 

77 

59 

49.0081 

16.168 

NASA/UDOP  RECEIVER 

STATIONS 

Blockhouse  26 

28 

26 

37.674 

80 

34 

19.312 

18.960 

Site  C 

28 

28 

25.955 

80 

33 

14.375 

14.120 

Hangar  D 

28 

29 

15.591 

80 

34 

57.621 

46.445 
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TABLE  OF  SURVEY  DATA  FOR  THE  DOWN  RANGE  UDOP  SYSTEM 


NASA/UDOP  RECEIVEP  STATIONS  (Cont'd) 


SYSTEM 

LATITUTE 

LONGITUDE 

ELEVATION  MSL 

Site  B 

28 

26 

35.453 

80  35 

33.867 

14.970 

Merritt  Island 

28 

20 

38.463 

80  41 

25.180 

8.760 

Titusville /Cocoa 

28 

30 

33.5113 

80  47 

40.7480 

40.840 

Playalinda 

28 

38 

34.555 

80  37 

27.176 

11.510 

Blockhouse  34 

28 

31 

08.4437 

80  33 

45.0767 

28 

31 

17.6521 

80  33 

47.6009 

7.89 

28 

31 

12.7028 

80  33 

44.8330 

28 

31 

17.3518 

80  33 

39.9753 

NASA/UDOP  TRANSMITTER 

STATION 

Transmitter 

28 

26 

36.5216 

80  34 

48.3765 

14.522 

(1-3.2) 


The  following  survey  data^  although  not  as  current  as  that  previously 
listed,  shows  the  UDOP  System  in  a  coordinate  system  in  a  more  convenient 
manner  for  use  by  the  impact  predictor  and  data  reduction  computer  faci¬ 
lities.  The  following  survey  data  is  dated  as  of  July  1963. 

DOPPLER  SITES 

Range  coordinates  of  doppler  stations  in  a  system  In  which  the  X  and 

Y  axis  are  tengent  to  the  earth's  surface  at  the  origin,  X  true  east^ 

Y  true  north,  and  Z  coincides  with  the  plumb  line  at  the  origin 
(Pad  3). 
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TABLE  OF  SURVEY  DATA  FOR  THE  DOWH  RANGE  UDOP  SYSTEM 


STATION 

UDOP  RECEIVER  STATIONS 

X  vFT) 

Y  (FT) 

Z  (FT) 

Blocldiouse  26 

(1.2.8) 

-11376.10 

-  8086.43 

4.64 

Site  C 

(1.4.1) 

-  5577.38 

2848.40 

3.52 

Hangar  D 

(1.8.1) 

-14789.97 

7863.97 

30.08 

Site  B 

(1.9.1) 

-18031.96 

-  8308.21 

4.11 

Merritt  Island 

(1.10.1) 

-49440.90 

-  44335.49 

-  106.44 

Titusville/Cocoa 

(1.11.2) 

-82871.53 

15819.88 

-  138.80 

Playalinda 

(1.12.1) 

-28094.42 

64326.08 

-  116.31 

Blocldiouse  34 

(1.14.1) 

-  8313.90 

19259.91 

-  20.21* 

(1.14.14) 

-  8538.88 

20190.00 

-  13.29 

(1.14.3) 

-  8292.07 

19690.08 

-  20.61* 

(1.14.4) 

-  7858.62 

20159.52 

-  20.89* 

L  Carter  Cay 

C 

826469.04 

-493093.88 

-22158.87 

West  End 

D 

523530.93 

-655335.59 

-16855.50 

Great  Sale 

G 

751550.69 

-529954.11 

-20239.37 

Great  Sale 

H 

751500.61 

-529946.81 

-20237.31 

Walker  Cay 

J 

696041.66 

-432848.43 

-16064.67 

Walker  Cay 

K 

696031.08 

-432835.53 

-16066.51 

Allans  Cay 

L 

931844.42 

-526793.55 

-27409.16 

APPENDIX  VI 


TABLE  OF  SURVEY  DATA  FOR  THE  DOWN  RANGE  UDOP  SYSTEM 


STATION 

X  (FT) 

Y  (FT) 

Z  (FT) 

UDOP  RECEIVER  STATIONS  (Cont'd) 

Allans  Cay 

M 

931744.52 

-526796.20 

-27409.74 

Bassett  Cove 

0 

722932.62 

-666323.23 

-23107.06 

Bassett  Cove 

P 

722879.43 

-666268.61 

-23102.83 

UDOP  TRANSMITTER 

STATIONS 

Transmitter 

(1.3.2) 

-13970.82 

-  8201.97 

1.41 

Transmitter  A 

(CW) 

824455.44 

-492553.86 

-22051.74 

Transmitter  B 

(CCW) 

824402.11 

-492548.12 

-22053.72 
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APPENDU  VII 


REAL  TIKE  IKPACT  FREDICTI(»i  COUNTDOWN  CHECKS 


TTie  following  couatdom  checks  were  devised  to  provide  the  Impact  Pre¬ 
dictor  Facility  with  sufficient  information  to  determine  the  GO/NO-GO 
status  of  the  Down  Range  UDOP  System.  Iliis  countdown  procedure  has 
been  incorporated  into  the  appropriate  ROI  (Range  Operating  Instruction) 
for  NINUTEHAN  mission  support.  Coordination  of  these  checks  is  per¬ 
formed  via  the  ewe  voice  net. 


T-270  minutes 


T-250  minutes 


T-125  minutes 


T-18  minutes 


T-15  minutes 


Check  on  all  data  and  vrtice  circuits  to  see  if 
they  are  operating  correctly.  Run  through 
remote  test  check  on  tihe  Collins  AN/GSC-4  data 
set.  (If  computer  time  is  available^  digital 
test  patterns  can  be  observed  at  this  time  using 
the  UDOP  digitizer  and  the  computer's  ntnerical 
indicator) « 

Copy  30  seconds  of  full  ’*zeros"  test  pattern  from 
the  digitizer.  Copy  30  seconds  of  full  ''ones*' 
test  pattern  from  the  digitizer.  Copy  one  minute 
of  live  IdKC  offset  bias  data,  using  normal  real 
time  data  format.  Observe  all  these  modes  on  the 
vist^l  indicator  before  copying  with  the  IP  Con- 
puter . 

Observe  live  offset  bias  frequency  data  or*  the 
num^t  leal  indicator.  If  time  allows,  copy  one 
minute  for  tabout  analysis.  Copy  a  doppler  slew 
generated  from  Carter  Cay.  The  slew  shall  be  a 
simulated  UDOP  signal  both  as  to  rate  of  change 
and  frequsdey.  Observe  octal,  first  and  second 
differences  from  tabbed  out  data. 

Observe  all  '*ones'*  test  pattern  from  the  UDOX^ 
digitizer  on  the  computer  numerical  indicator. 
Depress  Initial  synch  on  the  down  range  digitizer 
at  dtis  time  for  re -initialization  with  range 
timing. 

Receive  verbal  report  of  complete  Down  Range  UDOP 
System  status  at  this  time.  At  this  time,  tiu. 
Down  Range  UDOP  System  is  either  comitted  for 
alternate  impact  prediction  or  is  declared  CNY. 
Any  system  malfunction  at  this  time  will  cause 
the  status  to  be  CNY. 


APPDBIX  VII 

RZAL  TIME  IMMCT  PtEDICTlOR  COUVIDOiffl  CHECKS  (Cont'd) 


There  Is  evailsblc  sc  the  Iiipsct  Predictor  Counter  certeln  prograne 
for  checking  on  the  UDOP  S3rsten  statue  throug|K>ut  the  checks  listed 
above*  By  uae  of  the  nunerical  indicator^  doppler  frequency  can  be 
displayed  either  in  decisMil  or  in  binary  (octal)  •  Indication  such  as: 

Systesi  synch 

On-track  indication  for  each  site 

Range  tine 

Parity 

Site  code  identification 

can  be  interpreted  fron  the  visual  display*  The  data  itself  can  be 
observed  in  decinal  and  is  the  conversion  of  idiole  cycle  counts  and 
previous  cycle  counts  for  all  stations^  siaailtaneously.  (see  Figure 
G-1). 

There  is  also  a  program  to  detect  and  print  only  the  errors  generated 
in  the  all  "ones'%  all  ''zeros*'  and  slew  check  <i  e. 
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Photo  of  Computer  Visual  Indicator  Showing  All  Sites 
Under  an  18  KC  Static  Test 
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FIGURK  VII -I 


kwvmix  VIII 


IDOP  OPERATIJIG  INSiXUCTIOWS 


ROI  11-04-01 
6  Septeaber  63 
Supersedes:  22  July  63 


REFimCE: 


1. 

ROI 

03-03-01 

2. 

ROI 

03-03-05 

3. 

ROI 

06-01 

4. 

ROI 

11-04-02 

5. 

ROI 

13-12 

6.  IDOP  Preventive  Mslntenence  Progrssi 
7«  IDOP  Trsnsaitter  Msmiel 
8*  IDOP  Receiver  Menusl 


IWfOSE:  To  estebliA  s  stenderd  procedure  for  opersting  the 

Down  Rengs  IDOP  Systca  for  test  support. 


1«  GEWUa 

1.1  UDOP  is  s  UHF  DOVAP  Systea  which  aessures  the  total  doppler 
shift  of  a  CV  carrier  transaitted  froa  the  ground  and 
doubled  and  retransaitted  by  a  missile  borne  transponder* 
The  overall  UDOP  accuracy  depends  on  the  geometry  of  the 
transmitting  and  receiving  sites  in  respect  to  the  aissile 
trajectory  as  well  as  the  systea  precision. 

1*2  The  down  range  systea  consists  of  a  transaitting  site  at 
Station  42  and  receiving  sites  at  Stations  3  (Bassett  Cove 
and  West  End),  41,  42,  and  44.  The  recording  site  is  at 
Station  3  (Bassett  Cove). 

2.  PROCEDURE 

2.1  Pre-Test 

2.1.1  Operators  at  each  receiver  site  will  perform  F-1  Day 
and  F-Day  checks  outlined  in  ROI  03-03-01  and  the 
Preventive  Maintenance  Program  (I^P)  instructions. 

2.1.2  Data  link  transmitters  at  each  receiver  site  will 
be  adjusted  to  the  basic  frequency  as  follows: 


APPEWDIX  VIII 


UDOP  OPERATING  INSTRUCTIONS 


ROI-11-04-01 


2A.2  (Cont’d) 


Site 

Type  Receiver 

Frequency  (me) 

Allans  -  System  L 

Phaselock 

137.61 

Allans  -  System  M 

Standard 

139.50 

Little  Carter  - 

Standard 

142.75 

System  C 

Little  Carter  - 

Standard 

143.75 

System  D 

West  End  -  System  H 

Ihaselock 

141.10 

West  End  -  System  G 

Standard 

138.25 

Walker  *  System  J 

Phaselock 

136.25 

Walker  -  System  K 

S  tandard 

141.93 

NOTE:  Systems  G,  J  and  L  use  right  hand  circularly 

polarized  antennas;  and  Systems  K  and  M 

use  left  hand  circularly  polarized  antennas. 

The  Bassett  Cove  Receiver  Site  System  0  uses  a 
right  band  circularly  polarized  antenna  and  a 
standard  receiver.  System  P  at  this  site  uses 
a  left  hand  circularly  polarized  antenna  and  a 
phaselock  receiver.  Systems  0  and  P  are  hard¬ 
wired  to  the  recording  equipment. 

2.1.3  Each  receiver  site  operator  will  record  a  pre-plot  of 
expected  doppler  frequencies  versus  plus  on  the 

Brown  Recorder  at  a  recorder  speed  of  6  ipm.  Data 
Reduction  will  furnish  pre-plot  data  to  die  sites  by 
F-4  Day.  This  pre-plot  will  be  used  as  an  acquisition 
aid  for  locking  on  the  phaselock  receivers. 
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AFPSHDIX  VIII 


UDOP  OPEIATIIIG  IKTftUCTIOliS  ROI-Il-04-01 


Each  receiver  site  operator  will  calibrate  receiver 
signal  strengdi  and  ACC  meters  In  the  following 
microvolt  steps: 

10 

1.0 

0.1? 

6 

0*8 

0.10 

4 

0*5 

0*07 

3 

0*3 

0*05 

2 

0*2 

0.03 

1*6 

0*16 

0.00 

this  cslibratlon  vill  be  recorded  on  the  Vlslcorder 
St  0*2  Ips  vith  I  pps  coded  tiding.  Set  up  the 
Vlslcorder  to  record  phase lock  receiver  lock/unlock 
conditions  and  phaselock  receiver  phase  error  In 
addition  to  standard  and  phaselock  receiver  AGC  and 
signal  strength  nith  1  pps  coded  tialng  during  the 
test*  Record  diirlng  the  teat  at  I  ips*  In  addition 
to  calibration  data^  record  the  sensitivity  check 
described  under  Paragraph  2*1*13  on  the  Vislcorders 
at  0*2  lps« 

2*1*5  The  Station  42  Transaitter  Site  Operators  vlll  perform 
F-1  Day  and  F-Day  checks  outlined  in  ROI-03-03-01  and 
IMP  Instructions* 

2*1.6  Station  42  Transmitter  Site  Operators  will  adjust  the 
reference  oscillator  frequency  on  F*I  Day.  Record 
the  frequency  deviation  and  keep  on  file  for  30  days, 
then  destroy* 

2.1*7  On  F-Day,  transmitter  site  operators  vlll  adjust  the 
offset  converter  to  furnish  an  18  KC  bias*  Operators 
will  verify  this  offset  bias  to  be  50*001  me.  If 
extended  holds  occur  during  die  countdo%m,  the  opera¬ 
tors  vlII  recheck  and  readjust  the  bias  if  necessary. 
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Apraoix  viii 

IDOP  OPEIATHiG  DISTIIUCTIONS  ROI- 11-04-01 


2. 1.8  Tranmitt^r  site  operators  will  operate  the  test 
(900  me)  and  reference  (30.001  me)  transmitters 
during  the  system  check  described  in  2.1.13^  as 
directed  by  the  Station  3  UDOP  Coordinator.  When 
system  checks  are  completed,  the  test  transmitter 
will  be  secured  axkl  xhe  reference  and  interrogation 
(450  me)  transmitters  will  be  left  in  the  standby 
condition,  i.e.,  with  the  exciter  on.  The  reference 
transmitter  will  be  turned  on  as  specified  by  the 
Range  countdown,  and  the  interrogation  transmitter 
will  be  turned  on  at  switchover  time. 

2.1.9  Recording  station  operators  will  perform  F-1  Day 
and  F-Day  checks  outlined  in  ROI-03-03-01  and 
instructions.  In  addition,  the  current  UDOP 
Coordinator's  check  list  will  be  used  to  determine 
system  status  on  F-Day « 

2.1JD  The  recording  station  receiver  operator  will  check 
with  the  receiver  site  operators  to  determine  if 
the  correct  data  channel  is  connected  to  the  correct 
receiver  system  antenna.  Any  deviation  from  the 
standard  assignment  listed  in  Paragraph  2.1.2  will 
be  noted  in  the  UDOP  Coordinator's  log. 

2.1.1L  Recording  site  operators  will  adjust  the  tracking 

filters  to  receive  the  expected  doppler  frequencies 
after  switchover.  The  expected  frequency  versus 
time  can  be  determined  from  the  Brown  Recordings. 

2.1JL2  Recording  site  personnel  %rill  check  the  analog- to- 
digital  processor  and  data  transmission  system 
equipment  by  tranmnitting  a  test  pattern  and  18  KC 
doppler  signals  from  the  receiver  sites.  The  UDOP 
Coordinator  will  coordinate  this  check  with  the 
Cape  Computer  Coordinator.  The  channel  assignamnt 
for  real  time  Range  Safety  display  for  the  proces¬ 
sor  is: 
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AFPEICIX  VIII 


UDOP  OreRATING  INSTRUCTIONS 


ROI  11-04-01 


(Cont*d) 

Channel 

Site 

System 

1 

Allans  Cay 

L 

2 

Allans  Cay 

M 

3 

Walker  Cay 

J 

4 

Bassett  Cove 

P 

5 

Bassett  Cove 

0 

6 

West  End 

H 

2. I*  13  A  combined  system  check  will  be  made  as  follows: 

a*  The  reference  transmitter  (with  offset  con¬ 
verter  adjusted  to  (50 .001  me)  and  the  inter¬ 
rogation  transmitter  will  be  placed  in  normal 
operation. 

b.  The  test  transmitter  will  be  turned  on  to 
simulate  a  doppler  frequency  equal  to  the 
18  KC  bias. 

c.  The  power  output  from  the  test  transmitter 
will  be  decreased  from  nominal  to  zero  in 
incremental  steps. 

d.  Recording  site  operators  will  determine  at 
%?hat  plate  current  level  each  receiver  site 
phase locked  receiver  becomes  unlocked  or,  in 
the  case  of  a  standard  receiver,  when  the 
doppler  becomes  unusable. 

e.  A  log  of  the  minimum  plate  current  reading 
versus  receiver  loss  of  usable  doppler  will 
be  maintained  at  the  recording  site. 
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APPEIDIX  VIII 


UDOP  OPERATING  INSTRUCTIONS 


ROI  11-04-01 


2.1.13  {Cont*d) 


f.  Record  30  seconds  of  straight  18  KC  bias  from 
all  receiver  sites  on  FR-114  Magnetic  Tape 
Recorders • 

Recorder  site  operators  will  record  on  both  of  the 
FR-114  Recorders  at  60  ips  during  the  launch  test 
as  follows: 

Recorder  1 

Recorder  2 

Channel 

500  pps 

500  pps 

1 

50  KC 

50  KC 

2 

Walker 

System  K 

Walker 

System  K 

3 

10  pps 

10  pps 

4 

Bassett 

System  0 

Bassett 

System  0 

5 

Allans 

System  M 

Allans 

System  M 

6 

100  pps  Code 

100  pps  Code 

7 

Wa Iker 

System  J 

Walker 

System  J 

8 

Little  Carter 
System  D 

Little  Carter 
System  D 

9 

West  End 
System  G 

West  End 

System  H 

10 

Bassett 

System  P 

Bassett 

System  P 

11 
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UDOP  OPERATING  INSTRUCTIONS  ROI  11-04-01 


2.1.14  (ContM) 


Recorder  1 

Recorder  2 

Channel 

Allans 

Allans 

12 

System  L 

System  L 

500  pps  Code 

500  pps  Code 

13 

Internal  Servo 

Internal  Servo 

14 

2.2  In-Flight 

2.2.1  Start  the  FR-114  Recorders  at  T-2  minutes  and  Visicorder 
Recorders  at  T-20  seconds.  Start  the  Bro%m  Recorder  at 
T4l0  seconds.  Turn  off  the  Brown  and  Visicorder  Recor¬ 
ders  after  final  IjOS  ^en  directed  by  die  UDOP  Coordina¬ 
tor.  Operate  the  magnetic  tape  recorders  until  out  of 
tape. 

2.2.2  The  down  range  system's  standard  receivers  will  passively 
track  the  vehicle  until  switchover  time  and  actively 
thereafter.  Phaselock  receivers  will  be  adjusted  to 
expected  doppler  frequencies  and  locked  iraned lately  after 
switchover.  Use  the  Brown  Recorder  pre-test  plotted 
expected  frequencies  to  acquire  phaselock. 

2.2.3  Siritchover  to  the  down  range  transmitter  will  be  accom¬ 
plished  as  outlined  in  R»1*I  11-04-02. 

2.2.4  Immediately  after  switchover,  lock  all  tracking  filters 
and  phaselock  receivers  to  the  receiver  doppler  signals. 
Re-lock  as  necessary  after  signal  drop  outs. 

2.3  Post-Test 

2.3.1  Each  receiver  site  operator  will  calibrate  die  receivers 
and  record  the  calibrations  on  the  Visicorder  exactly 
as  described  In  Paragraph  2. 1.4. 
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UDOP  OPERATDIG  INSTRUCTIONS 


ROI  11-04-01 


2*3.2  The  UDOP  Coordinator  vill  log  all  test  Inforaatlon  as 
specified  in  ROI  03-03-05*  This  log  will  consolidate 
all  events  and  information  from  all  sites  and  vill 
normally  contain: 

a*  Equipment  malfunctions,  cause,  corrective 
action  taken,  and  time  of  correction. 

b.  Time  of  beginning  the  setup,  calibration, 
teardovn,  standby,  and  so  forth* 

c*  Any  operating  procedure  probloas  which 
occurred  during  the  countdown  and  any 
deviations  from  these  and  Ft!P  instruc¬ 
tions. 

d*  Transmitters,  transmitter  antenna,  and 
reference  oscillator  used* 

e.  Transmitter  on  and  off  times  during  the 
pre-test  checks  as  well  as  at  switchover 
time* 

f*  In-line  po-ver  output  meter  reading  and  in¬ 
line  VSVjR  meter  reading  (forward  and 
reflected  power)  of  50*001  me  and  450  me 
transmitter. 

g*  Times  of  first  signal,  phaselock  receiver 
and  tracking  filter  lock/unlock,  drop  out, 
and  final  loss  of  signal* 

b.  UHF  (900  me)  average  and  maximum  and  VHP 
(50.001  me)  signal  strength* 

1*  Any  other  observations  or  information 
that  would  be  of  help  to  Data  Reduction 
in  analyzing  the  data. 
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UDOP  OPERATING  IlCTRUCTIOHS 


ROI  11-04-01 


2«3«3  EacIi  receiver  and  tranmitter  site  operator  vill 
record  all  events  and  cdier  helpful  inforaation 
pertaining  to  thetr  sites  as  specified  in  ROI  03- 
03-05*  The  standard  leg  format  vill  he  used  for 
this  purpose*  Site  logs  will  be  retained  on  site 
for  90  days,  then  destroyed  as  outlined  in  ROI 
03-03-05. 

2*3*4  The  tvo  FR-114  Magnetic  Tapes,  Visicorder  and 
Broun  Recorder  Records,  plus  Coordinator's 
log  trill  be  turned  in  as  specified  in  ROI  08-01* 
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WnUMCKTATIitX  EQUIF»irr  GKECX  LIST  (ContM) 


F-OAT  CKECX  LIST 


All  statiofu  verify  equlpnent  to 
be  uaed  (Station  receiver^  data 
link^  antenna) .  Record  In  Coor* 
dine tor* a  Loe. 


42T  verify  offaet  on  prefer  aide 
and  cor'^ect  freooenev. 


Lock  pluaelock  receiver  a  and  aet 
donoler  level 


1  Ievela< 


t  lock  •  unlock 


Relock  receiver  a 


Oiec 

tkro 


Verify  operation  of  tracking 
flltera 


Have  each  atatlon  key  doppler  by 
eirltchlng  receiver  LD  off  noaeti- 
tarlly  to  Identify  link.  Enter 
link  algnal  atrength  reading  In 
Coordinator  * a  Loe. 


Lock  all  tracking  flltara  and 
aet  on  autonatlc. 


Sync  digitizer  and  atart  recor* 
dera.  nonltor  all  plavbacka. 


FUYBACR  A  OK 


LO  back  on. 


Verify  tracking  flltara  re  lock 
autoeaetlcall 


Stop  recorder a. 
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IRSTRUMEMTATIOII  EQUIPMENT  CHEOC  LIST  (Conc'd) 


tmnt>  nrv»ftTntTr»  y-niv  nxscx  i.tst _ _ j 

TIME 

OPCRATORi 

NZYl  1 

AOIC 

CHY 

N/A 

r-170 

CO 

y 

1.  All  MtMdhy  to  give  AGO 

reAdlt;gft.  Enter  in  Coordinator 't 

_  _  _ 

CO 

u 

2*  All  tltet  atandby  for  aenaltlvity 
teat. 

CO 

3.  Enter  reaulta  in  Coordinator^ a 

Lofi. 

- 

r-165 

CO 

u 

1.  42T  aecure  450  and  9^  me  trana- 

mittera. 

SO 

2.  Inatall  launch  tapea.  ^ 

r-iAO 

1 

j 

CO 

u 

1.  42T  bring  up  450  and  900  me  trana- 

mittera. 

00 

u 

2.  Lock  all  phaaelock  receivera. 

Standby  for  calibration  recordinga. 

O) 

u 

3.  All  atationa  thia  (ia  )  (ia  not 
)  a  realtime  Range  Safety  teat. 
41  44  42 

50  42T  3.0 

SO 

4.  If  Range  Safety  teat^  patch  appro* 
priate  receivera  to  digitizer. 

so 

5.  Lock  tracking  filtera  and  aync 
digitizer. 

CO 

6.  Depreaa  voice  channel  but tone  for 
recorder  two  and  three. 

00 

7.  Start  recordera  two  and  three. 

CO 

8.  Record  tape  title  script  while 
recording  IBkc  from  all  at tea 
along  with  proper  timing  aignala« 

i 

1 

so 

t 

9.  Monitor  playback  during  recording. 

00 

10.  Cut  recordera. 

CO 

u 

11.  All  atationa  operate  viaicorders 
for  quick  look. 
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INSTR'JMEKTATION  EQUIPMENT  CHECK  LIST  (Cont'd) 


1  _ 

UDOP  COORDINATOR  F-DAY  CHECK  LIST  (Conttaued)  1 

OPFRATOR 

NET 

AOK 

CNY 

N/A 

r-125 

SO 

I.  Computer  check  Idkc  -  one  minute. 

CO 

1 

2.  42T  apply  sweep  frequency  6  to  60 

kc  at  30kc  per  minute.  Roger 
when  on  the  air. 

SO 

■ 

3.  Computer  check  -  two  cycles  of 
sweep  frequency. 

■ 

CO 

■ 

1.  Load  brown  recorders  with  latmch 
chart.  S«:t  at  sweep  calibrate 
point. 

CO 

mm 

2.  Calibrate  brown  recorders. 

T-lOO 

CO 

I.  Standby  to  run  sweep  calibration. 

so 

■ 

2.  Prepare  to  start  recorders  two 
and  three. 

CO 

■ 

3.  Start  recorders  (tape  and  brown) 
record  two  cycles  of  sweep* 

CO 

■ 

4.  Stop  recorders.  Return  frequency 
meters  to  60  cycle  position. 

r-95 

CO 

1.  42T  secure  test  transmitter. 

CO 

u 

_  J 

2.  All  sites  calibrate  visicorders. 
Roger  when  completed. 

41  44  3.0 

42  50 

T-50 

CO  i 

■ 

1.  42T  verify  transmitters  in  launch 

configuration. 

CO 

c 

2.  All  stations  set  brown  recorders 
to  start  position  with  frequency 
meters  to  operate. 

GO 

u 

3*  Reset  plus  counters  tc  ^10 
seconds . 

mm 

■ 

4.  3.0  verify  tape  recorders  operating 

in  servo  mode. 

r  -  T  —  ^  -rt 

m 

f  CO 

1 

■ 

1.  All  stations  secure  all  non-opera- 
tional  equipment. 

- 1 

L— 

J 
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IKSTROMEirrATKMI  EQUIPMEin  CHECK  LIST  (Cont’a) 


,« - 

UDOP  COORDDUTOR  F-DAY  CHECK  LIST  (ConCilMMd)  1 

TDffi^ 

OPERATOR 

HET 

1.  All  stations  verify  your  equipeient 
ready  for  launch. 

41  44  42 

_AOLI 

CRY 

cm 

T-30 

CO 

ti 

1 

1 

! 

50  42T  3.0 

T-19 

SO 

1.  Press  initial  sync. 

T-18 

SO 

1.  Computer  check  -  all  ones  for 

30  seconds. 

■ 

■ 

■ 

T-15 

CO 

u 

1.  All  phaselock  operators  set 

receivers  to  switchover  frequency 
using  acquisition  preplot* 

■ 

■ 

CO 

0 

2*  UDOP  Systen  ready  for  launch. 

HH 

1 

so 

3*  Report  to  computer  -  digitiser 
equipment  ready  for  launch. 

■ 

■ 

■ 

1*2 

CO 

u 

1*  Phaselock  operators  press  and  hold 
filter  button. 

■ 

■ 

■ 

so 

2*  Lock  up  tracking  filters. 

□ 

CO 

3*  Start  tape  recorders. 

HHil 

T-20S| 

i 

CO 

U 

1.  Start  visicorders. 

Bi 

CO 

u 

2.  Aarsounce  T-15  seconds. 

CO 

u 

3,  Announce  count  T-10  seconds  to  T-0. 

T+;»  i 

CO 

u 

1.  Give  r^ius  count  to  10  seconds  for 
starting  plus  counters  and  brown 
recorders. 

■ 

■ 

■ 

T> 

CO 

u 

1.  Give  countdown  for  switchover. 

T+ 

CO 

u 

1.  UDOP  switchover  coiaplete. 

T4 

CO 

u 

i.  Stop  recorders. 

!t4 

s 

CO 

1 

1.  (After  lispact)  all  stations  start 
post-test  calibrstion.  Roger  when 
co«plete. 

41  44  3,0  i 

1 

1 

1 

42  50 

L  T  ■  '  ;^V 

CO 

1  U  1  2,  Secure  receiver  sites. 

CZ] 

169 


APPEMDIX  IX 

INSTIUMENTATION  EQUIPMENT  CHECK  LIST  (Cont'd) 


UDOP  COORDINATOR  F-DAY  CHECK  LIST 


TOR 


CO 


T«n 

NET! 

1 

AOK 

CNY 

I.  Standby  to  playback  data  upon 
connand. 


APPEJ®IX  X 


REAL  TIME  MINUTEMAN  SUPPORT 


For  a  comprehensive  view  of  tiie  UDOP  real  time  flow,  see  Figure  3-1. 

The  doppler  frequencies  are  derived  from  the  UDOP  receivers  at  all 
sites.  There  are  10  receivers  In  the  UDOP  System.  Eight  of  these  are 
located  in  the  Cays  and  at  West  End,  OBI.  These  outlying  sites  require 
a  data  link  system  to  transmit  the  UDOP  data  from  the  receiver  to 
central  record  station  at  Bassett  Cove,  GBI.  Because  of  atmospheric 
noise  inherent  In  VHF  data  links,  tracking  filters  are  used  to  clean  up 
the  doppler  signal  before  It  Is  passed  into  the  UDOP  digitizer. 

The  data  format  of  the  six  available  digitizer  words  In  real  timt  are 
as  follows: 

Word  1  Carter  Cay  Receiver  System  C 

Word  2  Allans  Cay  Receiver  System 

Word  3  Bassett  Cove  Receiver  System  0 

Word  4  Walker  Cay  Receiver  System  J* 

Word  3  Bassett  Cove  Receiver  System  P* 

Word  6  West  End  Receiver  System 

Those  stations  suffixed  with  an  (*)  are  phaselocked  receiver  systesu. 

The  digitizer  format  for  real  time  use  was  selected  for  the  IP  routine 
by  a  combination  of  optimum  geometry  and  UDOP  receiver  performance. 

It  will  be  noted  here  from  the  format  that  all  the  phaselocked  UDOP 
receivers  are  used  In  the  real  time  solution.  Ihls  was  because  of 

better  performance  during  the  critical  flame  period  and  because  the 

phaselocked  receiver'^  can  Indicate  whether  they  are  tracking  or  not 

by  relay  closure. 

The  real  time  program  requires  that  soioe  sort  of  validity  check  be 
Included  In  the  data  train,  so  that  the  computer  will  not  operate  on 
bad  data.  It  is  possible  for  the  UDOP  receivers  to  be  locked  onto  the 
wrong  doppler  signal,  which  Is  disastrous  to  the  Impact  prediction 
routine.  For  this  reason,  the  relay  closure  of  each  phas^ilockad 


APPEHDIX  X 


REAL  TIME  MDIUTOIAN  SUPPORT  (Coat'd) 


rec«lv«r  is  conblned  vldi  the  relay  closure  of  each  associated  tracking 
filter,  so  that  a  '*flag'*  is  inserted  in  the  data  train  only  when  both 
unite  are  locked  to  die  doppler  signal.  These  validity  checks  are 
called  the  on-track  bits. 

It  will  be  noted  here  that  the  Bassett  Cove  System  the  phaselocked 
receiver  in  the  same  building  as  the  digitizer^  does  not  go  through 
a  tracking  filter.  The  standard  UDOP  receiver  located  at  Bassett  Cove 
does  go  through  the  tracking  filter  because  of  its  lower  signal  to 
noise  ratio^  and  generally  poorer  performance. 

The  digitizer  converts  all  six  input  doppler  signals  to  digital  mode, 
inserts  a  range  tisie  and  other  data  (see  section  on  digitizer)  and 
drives  the  AN/GSC-4  data  transmitter.  The  data  is  sent  via  four 
miles  of  19  guage  twisted  pair  from  Bassett  Cove,  GBI,  to  the  GBI  sub- 
cable  terminal,  where  it  is  placed  on  the  submarine  cable  for  trans¬ 
mission  to  the  Cape  Impact  Predictor  Facility.  The  AN/GSC-4  data 
receiver,  which  is  located  in  the  Impact  Predictor  Facility  with  the 
format  converter,  converts  the  serial  data  output  of  the  AN/GSC-4 
to  parallel  digital  information  and  feeds  the  IBM  7094  Computer  at 
ttm  proper  rate  and  time. 

The  Impact  Predictor  Facility  uses  the  UDOP  data  to  compute  a  predicted 
Impact  location  in  the  event  the  missile  terminates  thrust  any  time 
during  powered  flight.  The  output  of  the  UDOP  Computer  routine  is  fed 
to  the  alternate  IP  plotting  boards  as  a  back-up  to  other  range  safety 
sources.  The  alternate  plotting  boards  are  located  in  the  Impact  Pre¬ 
dictor  Facility  and  at  Central  Control. 

As  noted  from  the  flow  diagrams,  the  UDOP  data  is  recorded  now  in 
doppler  analog  mode  before  it  is  digitizer  and  also  in  various  digital 
mo^s.  During  real  time  operation,  the  computer  generates  a  tape  on 
which  the  UDOP  data  is  %n:itten,  along  with  all  other  IP  input  data. 

For  1  block  diagram  of  the  complete  Impact  Predictor  Facility,  and  the 
way  in  which  UDOP  fits  into  it,  see  Figure  3-2. 
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AFETR 


ETCS 

ETE 

ETO 

ETLIX>-1 

ETEI 

ETEIC 

ETI 

ETOE 

ETOER 

ETOR 

ETORC 

ETORS 


Chief  Scientist 

Deputy  for  Range  Engineering 

Deputy  for  Range  Operations 

Scientific  and  Technical  Information  Office 

Directorate  for  Instmaentstion 

CW  Division 

Plans  Branch 

Directorate  of  Data  Processing 
Data  Reduction  Division 
Directorate  of  Operations 
Range  Si^port  Division 
Range  Safety  Division 


TOiAWTS 

DW  Deputy  Ballistic  Systems 

DWT!1  MITfUTSlAN  Weapons  Division 

EWZ  Deputy  Space  Systems 

ET4CC  U,S.  Coast  and  Geodetic  Survey  (CAPE) 

ETHjDM  tenned  Spacecraft  Office 

ETQD6  SAWRR  Project  Office 

EIQP  Pacific  Missile  Range  Liaison  Office 
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I-AA 


Division  Manager 

Operations  Manager 

Operations  Control  (2) 

Operations  Planning 
Operations  Programs 
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Facilities  Engineering  (Attn:  Vernon  L.  Dicks) 
^^uality  Control 
Range  Development 

Technical  Staff  (2) 
iiange  Planning  (2) 

Systems  Engineering 

Data  Handling  (!>) 

Metric  Data  Acquisition  (j) 

Data  Support  ( ^ ) 

Telemetry  Data  Acquisition  (l) 
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Staf^  Scientist 
Quality  Analysis 

System  Analysis 

Accuracy  Analysis 
Analytical  Support 
CW  Radar  Systems  Analysis  (2) 
Quality  Control 

Performance  Analysis 
Technical  Operations 
Data  Acquisition 

Mainland  Instrumentation 
Downranee  Instmmentation 
Data  Processinr 

Mathematical  Services  (2) 

Data  Processing  Control 
Data  Reduction  (2) 

Asst,  Mgr,,  Operations  Control 
Ooeration  Planning 
Engineering  Support 

Instrumentation  Supoort  Engineering 
Radar  Engineering  (3) 

IMTER-RAWGE  INSTRUMENTATION  GROUP 

rrrsE 

Air  Force  Flight  Tost  Center 
Edwards  Air  Force  Base,  California 
ATTN;  Mr,  Alden  N.  DeWitt 


DGFD 

Air  Force  Flight  Test  Center 
Edwards  Air  Force  Base,  California 
Mr.  Gordon  R.  Wilson 

Code  3031 

Naval  Ordnance  Test  Station 
China  Lake,  California 
ATTN:  Mr,  Neil  R,  Krenzel 

PGVM  320 fl  Teat  Group 
Air  Proving  Ground  Center 
Eglln  Air  Force  Base,  Florida 
ATTN:  Mr,  J.  R,  Murray 


1 


174 


DISTRIBUTION  LIST  (COKT'D) 


INTtF>RANGE  INSTRUMENTATION  GROUP  (CONT*D) 
PGVEIV23 

Air  Proving  Groimd  Center 
Cglin  Air  Force  Base,  Florida 
ATTN;  Mr.  Williatn  O' Byrne 

Code  3286 

Pacific  Missile  Range 
Point  Muru,  California 
ATTN;  Mr.  J.  P.  Hai^y 

DRD 

Integrated  Ranf»e  Mission 
White  Sands  Missile  Range,  N.M. 

ATTN;  Mr.  James  3.  Cose 

FTD 

Naval  Air  Test  Center 
Patuxent  River,  Maryland 
ATTN;  Mr,  James  D.  Trent,  Jr. 

Code  624 

U.  S,  Naval  Ordnance  Laboratory 
Corona,  California 
ATTN:  Mr.  C,  W.  Thomas 

Dept.  7240 
Sandia  Corporation 
Albuquerque,  New  Mexico 
ATT”;  Mr.  W,  T.  Moffatt 

OTHER  AGENCIES 


Defense  Documentation  Center 
Cameron  Station 

Alexandria,  Virginia  ?23lu  (20) 

Redstone  Scientific  Technical  Information  Center 
tISAMC 

Redstone  Arsenal,  Aleib ana  35R09 

ATTN:  Chief,  Document  Section  (5) 

Air  University  Library  ( AUL3T-39-220) 

*^axwell  Air  Force  Base,  Alabama  36112  (2) 

Director,  Project  RAND 
Department  o^  the  Air  Force 
1700  Main  Street 
Santa  Monica,  Cali^rmia  90U06 


175 


DISTRIBUTIOK  LIST  (CXJNT'D) 


R  AGSaiClES  (OCaiT'D) 


Air  Force  Missile  Dcvclopaent  Center  (SMDDOPT) 
Hollom&n  Air  Force  Base,  New  Mexico  8833O 
ATTN :  Technical  Library 


U.  S.  Naval  Ordnance  Test  Station 
China  LaJie,  California  93557 
AITO :  Technical  Library 

BSD  (25TI) 

L.  0.  Hanscom  Field 
Bedford,  Massachusetts  01731 

7TD  (TDBOP) 

Wrlght-Patterson  Air  Force  Base,  Ohio  ^5^33 

Air  Proving  Ground  Center  (PGOT) 

Eglln  Air  Force  Base,  Florida  325^2 


Comaander 

Pacific  Missile  Range 
ATTN:  Technical  Library 
Code  N03022 

Point  Mugu,  California  930^1 


Cocnaander 
Hq,  SSD  (SSAPB) 

AF  Unit  Post  Office 

Los  Angeles  California  900^5 

Arnold  Engineering  Devclopinent  Center  (AET) 
Arnold  Air  Force  Station,  Tennessee  37309 

Rome  Air  Development  Center  (EMPA) 

Griff iss  A’.r  Force  Base,  New  York  13^442 

Aeronautical  Systems  Division  (ASK)) 
Wrlght-Patterson  Air  Force  Beise,  Ohio  ^5433 


Director 

Institute  of  the  Aeronautical  Sciences 
'  Eeist  64th  Street 
New  York  21,  New  York 


Office  of  the  Assistant  Secretary  of  Defense 
for  Research  €uid  Engineering 
Room  3EIO65,  the  Pentagon 
Washington  25,  D,C. 

ATTN:  Teclinical  Library 


Camnander 
Hq.  BSD  -  BSOM 
-  BSC 

Norton  Air  Force  Base,  California  92409 


176 


QXSTRIBUnOI  UST  (OOKT'D) 


OmBR  AgBIClBS  (OOHT’D) 

CooBAnding  Officer 
Navml  OrdJMSce  Laboratory 
Corona^  California 
ATJS:  Docments  Librarian 

Director,  Missile  Division 
U.S.  Army  Artillery  Board 
Fort  Bliss,  Texas 

Jet  Prqpulslon  Laboratory 
4000  Oak  Grove  Drive 
Pasadena,  California 
ATJSH ;  Library 

AFSWC  (SWIJ>R) 

Klrtland  Air  Force  Base,  N.  M.  87117 

National  Aeronautics  and  Space  Administration 
Kennedy  Space  Center 
CKMTA,  Cocoa  Beach,  Florida 


K-ED 

R. 

Bruns 

K-DA 

T. 

Pqppel 

K-PA 

C. 

Cope 

K-TA 

A. 

H.  Knothc 

K-iP 

J. 

White 

K-EP 

A. 

M.  Kissiah 

K-NA 

A. 

Gibbs  (Col.  AP) 

K-EF4 

D. 

Veumadoe 

K-GT4 

G. 

Hawkins  (5) 

K-DT2 

H. 

Brewster 

National  Aeronautics  and  Space  Administration 
1520  H  Street,  N.  W. 

Washington  25 >  D.C. 

Administrator, 

Mr.  Frank  W.  Philips,  Assistant  to  the  Adzoinistrator 
Director,  Scientific  and  Technical  Information 
Director,  Office  of  Tracking  &  Data  Acquisition 

Director,  Langley  Research  Center 
National  Aeronautics  &  Space  Administration 
Langley  Station,  Hanqpton,  Virginia 

Director,  Goddard  Space  Flight  Center 
National  Aeronautics  and  Space  Administration 
Greenbelt,  Maryland 


17 


DISTRIBUTION  LIST  (v’OHT*D) 


OTHER  AGENCIES  (COMT’D) 


Director*  Ames  Research  Center 

National  Aeronautics  and  Space  Administration 

Moffett  Field,  California 

Director,  Lewis  Research  Center 

National  Aeronautics  and  Space  Administration 

21000  Brookpark  Road 

Cleveland  35,  Ohio 

Technical  Information  Division 

Enirineer  in  Charpe 
Wallops  Station 

National  Aeronautics  and  Space  Administration 
Walloos  Island,  Virjrinia 

Director,  Western  Operations  Office 
National  Aeronautics  and  Space  Administration 
150  Pico  Blvd. 

Santa  Monica,  California 

Commander 

Air  Force  Flipht  Test  Center  (FTAT?) 

Edwards  Air  Force  Base,  California  92523 

Commander 
Detachment  1,  AFSC 

Wrljrht-Patterson  Air  Force  Rase,  Ohio  45433 
Commander 

Naval  Ordnance  Laboratory 

White  Oak,  Silver  Sorlnp  19,  Maryland 

ATTN;  The  Librarv,  Room  1-33 

Commander 

Air  Force  Office  of  Scientific  Research 
Washington  25,  D.  C, 

Director 

Project  Space  Track 
Bedford  Air  ^orce  Base 
■ imbridpe  Research  Center 
Cambridge,  Massachusetts 

STL 

7001  N,  Atlantic 

Cocoa  Beach,  Florida 

ATTN;  Technical  Library  (5) 

M,  I.  T,  Instrumentation  Laborat'^ry 
6B  Alband  Street 
Canbridpe  39,  Massachusetts 
ATTN:  Dr,  C.  S,  Draper 


178 


DISTRIBUTIOfI  LIST  (COHT’D) 


OTHER  AGEKCIES  (COWT*D) 

Director,  Operations  Research  Office 
Derjartment  of  the  Army 
6935  Arlington  Road 
Bethesda,  Maryland 
Washington  14,  D.  C, 

ATTN :  Library 

Director 

U.  S.  Coast  and  C^eodetic  Survey 
Office  of  Research  and  Development 
Chief,  Geodesy  Division 
ATTN;  Technical  Library 

Central  Intelligence  Afrency 
2430  E.  Street,  N,W, 

Washin^^ton  25,  D,  C. 

ATTN:  OCR  Nail  Room 

Director 

National  Bureau  of  Standards 

Chief,  Statistical  Enp'lneering  Laboratory 

Washington,  D,  C. 

ATTN:  Technical  Library 

The  Boeinp  Company 
P.  0,  Box  1698 
Cocoa  Beach,  Florida 
AT^.N:  D,  E.  Graves 

Chrysler  Corporation,  Florida  Operation 
P.0,  Box  3000 
Melbourne,  Florida 

Doup^las  Aircraft,  Inc, 

P,  0,  Box  4066 

Patrick  Air  Force  Base,  Florida 

General  Electric  Company 

Fliyht  Test  EnRineerinr  Operations 

P.  0,  Box  4688 

Patrick  Air  Force  Base,  Florida 

AC  Soark  PluF  Company 

P.  n.  Box  106 

Port  Canaveral,  Florida 

Aeronaut  ronics 
P,  0.  Box  4127 

Patrick  Air  Force  Base,  Florida 


179 


DICTRIBL'JICW  UST  (CONT’D) 


CmPra  AG^CIES  ((X)HT’D) 

Coasmaridlng  General 

White  Sands  Missile  Range,  N.  M. 

ATTN*  Technical  Library 

Autonetlcs 

P.  0.  Box  107 

Cape  Canaveral;  Florida 

AVCO 

Missile  Test  Station 
P  .  0.  Box  U26 

Patrick  Air  Force  Base,  Florida 

General  Dynaiaics/Astronautics 
F .  0 .  Box  U21T 
Cocoa  Beach,  Florida 

Lockheed  Corporation 
POLARIS  Project 
F.  0,  Box  ^097 

Patrick  Air  Force  Base,  Florida 

The  Martin  Cocqpany 
Canaveral  Division 
Cocoa,  Florida 

Radiation  Incorporated 
Melbourne,  Florida 

IBM  Corporation 
Federed  Systems  Di\^8ion 
6702  Gulf  Freeway 
Houston  17;  Texas 
ATTN:  Mr/j.  Smer 

U.  S.  Army  R  &  D  Laboratories 

ATTH :  STINTO  Branch 

Fort  Bel  voir,  Virginia  22060 

Office  of  Technical  Services 
U  ■ .  Department  of  Cormnerce 
Acquisition  and  Control  Brsmch  - 
Technical  Information  Division 
Washington,  D.  C.  20235 


88002 


180 


Figure  K  -  1  Overall  View  of  Bassett  Cove  Central  Control  aiui  Digitizer  Station 


18  1 


View  Track MKj  F  ilhrs,  Data  Li'-k  R»  li  tviTS, 
aru^  Mo!h tori'!:;  S  )t  -  Bassett  Covf,  GBi 
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Figure  K  -  5  View  of  3-Turn  900  MC  Heltx  Receiving  Antennas  -  West  End,  GBI 
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Figure  K  -  6 


View  of  900  MC  Turnstiie  Receiving  Aniennds  with  Preamplifiers  (obsolete) 


1  iiiuiv  K  il  Overall  View  of  UDOP  Tr<ifibnitlifici  Equipment  inciufi  nq 
Cartesian-to-Polar  Converter'  -  Carter  Cay,  GBI 
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Interior  View  ol  50  MC  Power  Anplilier  in  the  Reference  Trans  ritter 
-  Carter  Cay,  CBI 
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itiuu'  K  View  ot  FreqiH^ncy  Multiplu'r  aef!  900  ML 

Power  Amphtirrs  -  CarttT  Cay,  GBl 
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Figure  K-18 

View  of  Tower  showing  from  Bottom  Upwards;  AN/TRC-24  Antennas,  Two  50  MC 
Reference  Receiving  Antennas,  Two  UHF  Data  Link  Antennas,  and  a  900  MC 

Receiving  Test  Antenna 
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t  icutf  K  20  Vitw  of  UDOP  Standard  Receivers  and 
Data  Link  Transmitters  -  Carter  Cay,  GBI 
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View  of  Phabe-Lotk  Rccei 
Data  Link  TransmiUer 


^  '».:urr  K  View  of  SteerabK  Oi.a(>Heli^  Antenna 

Point  I  nq  f^qijipnmt  -  Carter  Cay,  GBI 
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